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CLAIMS 



[Claim(s)] 
[Claim 1] 

Are estranged and arranged from the surface (20) which has at least one electrode, are movable microelement with little 
hysteresis (10). and to said movable microelement (10). In that by which at least one return component (60, 70) is connected, an 
address electrode (40) is allocated on said surface (20). electrostatic suction of said movable microelement (1 0) is possible, and 
the address of said address electrode (40) was carried out to the 1st potential, 

In time deltat before a predetermined pulse signal is first sent to said movable microelement (10) to said movable microelement 
(10), Movable microelement (10), wherein it is set as the 2nd potential that forms a non-address state, said movable component 
is changed from said 2nd potential to the 3rd potential that forms an address state and said movable microelement (10) is 
maintained by said address state between time delta t+delta t'. 
[Claim 2] 

Movable microelement (10) which is the movable microelement (10) of Claim 1, and is returned to said non-address state after 
said address state when said movable microelement (10) returns said 3rd potential to said 2nd potential. 
[Claim 3] 

Movable microelement (10) from which it is the movable microelement (10) of Claim 1, and said movable microelement (10) is 
changed by electrostatic ********** after said 2nd potential state. 
[Claim 4] 

Are the movable microelement (10) of Claim 3 and said predetermined pulse signal, Movable microelement (10) which can clear 
said address electrode (40) and potential difference between said movable microelement (10). and returns said movable 
microelement (10) to said electrostatic ********** by this. 
[Claim 5] 

Movable microelement (10) which is Claim 1 or the movable microelement (10) of 4, and is the electromagnetic radiation by which 
said predetermined pulse signal is turned to said movable microelement (10). 
[Claim 6] 

Movable microelement (10) which is Claim 1 or the movable microelement (10) of 4, and is an electrical signal with possible 
making discharge of a capacitor by which loading is carried out in said 1 st potential start while said predetermined pulse signal is 
connected to said address electrode (40). 
[Claim 7] 

It is one movable microelement of the Claims 1-6 (10). and said time delta t+detta t* is movable microelement shorter than 10 ms 

(10). 

[Claim 8] 

It is one movable microelement of the Claims 1-6 (10). and sait^ time delta t+delta t' is movable microelement shorter than 10 
microseconds (10). 
[Claim 9] 

Are the movable microelement (10) of Claim 1 and a value of said 2nd potential. . In both maximum potential and minimum 
potential by which an address is carried out to said address electrode (40). form non-deflection status. Movable microelement 
(10) in which rt is substantially equal to a half of maximum potential by which an address is carried out to said address electrode 
(40), and said 3rd potential is substantially equal to said minimum potential by which an address is carried out to said address 
electrode (40). 
[Claim 10] 

Movable microelement (10) which is one movable microelement of the Claims 1-9 (10), and is supported by a twist hinge (60) of a 
couple with which said movable microelement (10) forms the axis-cHtorsion heart along with the omitted portion. 
[Claim 11] 

Are one movable microelement of the Claims 1-9 (10), and said movable microelement (10), It is supported by member rotates 
(65) of a couple which forms the tiltable shaft heart along with the omitted portion, and said return component. Movable 
microelement (10) which is at least one crookedness hinge (70) which can permit that can come, simultaneously said movable 
microelement (10) tilts by a circumference of said tiltable shaft heart while returning sard movable microelement (10) in non- 
deflection status. 
[Claim 12] 

Are the movable microelement (10) of Claim 10, and further, while returning said movable microelement in non-deflection status. 
Movable microelement (10) which has at least one crookedness hinge which can permit that can come, simultaneously said 
movable microelement (10) tilts by a circumference of said tiltable shaft heart or said axis-of-torsion heart 
[Claim 13] 

Are one movable microelement of the Claims 1-9 (10), and said movable microelement (10), While returning said movable 
microelement (10) to a relaxed state along with one of omitted portions, Movable microelement (10) currently supported by a 
crookedness hinge (70) of a couple which can permit carrying out vertical migration to said surface (20) where it can come, 
simultaneously said movable microelement (10) has said at least one electrode. 

[Claim 14] 

Are one movable microelement of the Claims 1-9 (10), and said niovable microelement (10), While returning said movable 
microelement (10) to a relaxed state along with two of the omitted portions. Movable microelement (10) currently supported by 



http ://w w w4 . i pd 1 .inpi t. go.j p/cgi -bin/tran_web_cgi_ejj e? atw_u=http ://www4 . ipdl . i npi t. go.j p/Tokuj i tu/tj i tern cntdben . i pdl ?. . . 4/4/20 1 1 



JP,2004-5206I8,A [CLAIMS] 



Page 2 of 4 



two pairs of crookedness hinges (70) which can permit carrying out vertical migration to said surface (20) where it can come, 
simultaneously said movable microelement (10) has said at least one electrode. 
[Claim 15] 

Movable microelement (10) by which it is the movable microelement (10) of Claim 13 or either of 14. and said crookedness hinge 
(70) is attached to a comer of movable microelement (10) of polygonal shape. 
[Claim 16] ^ 

Movable microelement (10) by which it is the movable microelement (10) of Claim 13 or either of 14, and an account crookedness 
hinge of beforehand (70) is attached to a surface part of movable microelement (10) of polygonal shape. 
[Claim 17] 

Movable microelement (1 0) whose at feast one of the at (east one and/or said axis-of-torsion hearts of said crookedness hinge 
(70) it is one movable microelement of the Claims 10-16 (10), and is winding form. 
[Claim 18] 

Are one movable microelement of the Claims 1-17 (10), and said surface (20). Having the counterelectrode (30) estranged from 
said address electrode (40) to the side, said address electrode (40) and said counterelectrode (30) are the movable microelement 
which can attract [ electrostatic ] said movable microelement (10) (10). 
[Claim 19] 

Movable microelement (10) which is the movable microelement (10) of Claim 18, and said predetermined pulse signal can clear 
[ microelement ] potential difference between said address electrode (40) and said counterelectrode (30). and returns said 
movable microelement (10) to said non-address state by this. 
[Claim 20] 

Movable microelement (10) which is the movable microelement (10) of Claim 18. and said predetermined pulse signal can clear 
[ microelement ] potential difference between said address electrode (40) and said counterelectrode (30). and returns said 
movable microelement (10) to electrostatic ********** by this. 
[Claim 21] 

Movable microelement (10) which is the movable microelement (10) of Claims 19-20, and is the electromagnetic radiation by 
which said predetermined pulse signal is turned to said movable microelement (10). 

[Claim 22] 

Movable microelement (10) which is the movable microelement (10) of Claims 19-20, and is an electrical signal which can 
discharge a capacitor by which loading is carried out in said 1st potential while said predetermined pulse signal is connected to 
said address electrode (40). 

[Claim 23] 

Movable microelement (10) to which it is Claim 1 or the movable microelement (10) of 19, and said predetermined pulse signal 
synchronizes with said time delta t+delta t' so that said time deltat' may become equal substantially with pulse length of said 
predetermined pulse signal. 
[Claim 24] 

A spatiaHlight-modulation machine, wherein it is a spatial-light-modulation machine provided with two or more reflecting 
members and said reflecting member is one movable microelement of the Claims 1-23 (10). 
[Claim 25] 

A spatial-light-modulation machine with which it is a spatial-light-modutation machine of Claim 24. and said reflecting member is 
set as one potential via one common element pin. 
[Claim 26] 

A spatial-light-modulation machine with which it is Claim 23 or a spatiaHight-modulation machine of 24, and said 
counterelectrode (30) is set as one potential via one common opposite pin. 

[Claim 27] 

A spatial-light-modulation machine with which it is a spatial-llght-modulation machine of Claims 23-26, and changes said all 
reflecting members substantially into the same time and an address state. 
[Claim 28] 

The following [ it is equipment for patterning a work (60) which is arranged in an image formation face and induces 
electromagnetic radiation ]. 

A source (1 1) which emits electromagnetic radiation towards an objective surface. 

ft has the computer control reticle (30) which received said electromagnetic radiation in said objective surface, and was 
constituted so that this electromagnetic radiation might be relayed towards said work (60) arranged in said image formation face 
and which has two or more reflective elements. 

In that in which said computer control reticle (30) has two or more reflective elements here. 
Equipment, wherein said reflective element is one movable microelement of the Claims 1-23. 
[Claim 29] 

in that in which it is a method for reducing hysteresis of movable microelement estranged and arranged from the surface, and 

said surface has at least one electrode here, said methods are the following processes. : 

A process of setting said movable microelement as the 2nd potential that forms a non-address state. 

It is the process of carrying out the address of the address electrode to the 1st potential, said address electrode is arranged on 
said surface here, and it is a process which can attract [ electrostatic ] said movable microelement, 

A process changed from said 2nd potential to the 3rd potential that forms an address state in time deltat before said movable 
microelement is sent to a predetermined pulse signal, 

A process of maintaining said movable microelement in said address state between time delta t+delta t' 
How to include. 
[Claim 30] 

It is the method of Claim 29 and is a process of further the following. : 

How to include a process returned to said non-address state by changing said movable microelement from said 3rd potential to 
said 2nd potential. 
[Claim 31] 

It is the method of Claim 29, and also they are the following processes. : 

How to include a process of changing said movable microelement after said address state at electrostatic **********. 
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[Claim 32] 

It is the method of Claim 31, and also they are the following processes. : 

How to include a process which clears potential difference between said address electrode and said movable micro mirror, and 
returns said movable microelement to said electrostatic >Me**)|e*sMc** by this with said predetermined pulse signal. 
[Claim 33] 

A way it is one method of the Claims 29-32, and said predetermined pulse signal is an electromagnetic radiation signal turned to 
said movable microelement. 
[Claim 34] 

How to be one method of the Claims 29-32. and be an electrical signal with possible making discharge of a capacitor by which 
loading is carried out in said 1st potential start, while said predetermined pulse signal is connected to said address electrode. 
[Claim 35] 

It is one method of the Claims 29-34. and said time delta t+delta t' is a method shorter than 10 ms. 
[Claim 36] 

It is one method of the Claims 29-34, and said time delta t+delta t' is a method shorter than 10 microseconds. 
[Claim 37] 

Are one method of the Claims 29-36, and a value of said 2nd potential, . In both maximum potential and minimum potential by 
which an address is carried out to said address electrode, form non-deflection status. A method that it is substantially equal to a 
half of maximum potential by which an address is carried out to said address electrode, and said 3rd potential is substantially 
equal to said minimum potential by which an address is carried out to said address electrode. 
[Claim 38] 

ft is one method of the Claims 29-37, and also they are the following processes. : 

How to include a process of supporting said movable microelement along with the omitted portion with a twist hinge of a couple 
which forms the axis-of-torsion heart. 
[Claim 39] 

It is one method of the Claims 29-37, and also they are the following processes. : 

Along with the omitted portion, are a process supported by a member rotates of a couple which forms the tiltable shaft heart, 
and here said movable microelement said return component. How to include a process which is at least one crookedness hinge 
which can permit that can come, simultaneously said movable microelement tilts by a circumference of said tiltable shaft heart 
while returning said movable microelement in non-deflection status. 
[Claim 40] 

It is one method of the Claims 38-39, and is a process of further the following. : 

How to include a process to which said movable microelement is returned with at least one crookedness hinge. 
[Claim 41] 

It is one method of the Claims 29-37, and is a process of further the following, : 

While returning said movable microelement to a relaxed state along with one of omitted portions, said movable microelement How 
to include a process supported with a crookedness hinge of a couple which can permit carrying out vertical migration to said 
surface where it can come, simultaneously said movable microelement has said at least one electrode. 
[Claim 42] 

It is one method of the Claims 29-37, and is a process of further the following. : 

While returning said movable microelement to a relaxed state along with two of the omitted portions, said movable microelement 
How to include a process supported with a crookedness hinge of a couple which can permit carrying out vertical migration to said 
surface where it can come, simultaneously said movable microelement has said at least one electrode. 
[Claim 43] 

A method by which it is one method of the Claims 41-42, and said crookedness hinge is attached to a polygonal comer. 
[Claim 44] 

A method by which it is one method of the Claims 41-42, and s'aid crookedness hinge is attached to a polygonal surface part. 
[Claim 45] . i ■ 

A way it is one method of the Claims 38-44. and at least one of the at least one and/or said axis-of^torsion hearts of said 
crookedness hinge is. winding form. 
[Claim 46] 

A way it is one method of the Claims 29-45, and said movable microelement is one movable microelement of the Claims 1-23. 

[Claim 47] 

It is one method of the Claims 29-46, and is a process of further the following. : 

How to include a process which synchronizes said predetermined pulse signal with said time delta t+delta t' so that said time 
deltat' may become equal substantially with pulse length of said given signal. 
[Claim 48] 

It is the method of Claim 29 and is a process of further the following. : 

How to include a process of neutralization-izing an accumulation history operation while preventing said pulse signal reaching 
said movable microelement. 
[Claim 49] 

A method which Is the method of Claim 48, and is performed when a neutralization chemically-modified [ said ] degree rnakes an 
opposite direction deflect movable microelement of these each to the state of deviating during an operation by which said 
movable microelement was meant. 
[Claim 50] 

A method which is the method of Claim 49 and is deflected in given time and a given deflection degree, and the 1st direction . 
according to a degree of a deviation [ in / in each movable microelement / said accumulated time and the 2nd deflection 
direction ]. 
[Claim 51] 

A method performed between different strips from which it is the method of Claim 48 and said neutralization-ization of said 
accumulation history operation constitutes a perfect pattern on a work. 
[Claim 52] 

A method by which it is the method of Claim 48. and said neutralization-ization of said accumulation history operation is 
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performed after the accumulated time deviation of predetermined is carried out for at least one movable microelement. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the technology for generally decreasing the hysteresis or hysteresis in a machine member, and movable 
microelement and the method of carrying out an address to it especially. 
[Background of the Invention] 
[0002] 

The hysteresis or history of mirror deflection quantity in the spatial-light-modulation machine (SLM) used as the cause of 
changing address voltage required for a suitable mirror deviation- is a problem in order for the accuracy of a deviation of a mirror 
to fall by iL The time, the deflection quantity, and the mirror by which that mirror was deflected depend for this change on the 
time which needs to loosen after that deviation. Since the ranges of the damping time constant of these phenomena are several 
minute room/several hours, required address voltage is predicted in a mask writer or the arbitrary patterns in the direct writer 
which uses the newest SLM technology, and it cannot compensate it as a matter of fact. 
[0003] 

The problem In compensating a history is on data being loaded to the mirror of SLM from the always same direction for every 
line. When this has all the mirrors in perfect deflection status, it means that the pixel of the 1st row has a very high duty cycle, 
and they have a very low duty cycle and it has a middle duty cycle in a middle line in the last line. Therefore, unless SLM is 
reconstructed so that data may be loaded from the 1st line and the last line for every two-times eye in order to equalize these 
duty cycles, as balance to hysteresis, also using collectively the pixel counter electrode in which an address is possible — an 
impossibility — or it is dramatically difficult at least. Even when constituted such, a history is still pattern dependence. 
Probably, it will be required to neglect predetermined time and its system to an idle state, in order to proofread a mirror 
frequently or to loosen the mirror of SLM. 

[0004] 

Therefore, little method and equipment of hysteresis are called for in the field concerned. 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0005] 

In the method for carrying out an address to movable microelement and each movable microelement, such as a mirror member of 

SLM, in view of the above-mentioned background, it is dramatically important to decrease hysteresis. 

[0006] 

Therefore, there is SUBJECT of this invention in providing the improved movable microelement which solves the problem 
mentioned above or is reduced at least. 
[Means for solving problem] 

[0007] ' 

In the 1 st embodiment, this invention is estranged and arranged from the surface which has at least one electrode, and movable 
microelement with few hysteresis or hysteresis effects is provided. At least one return component is connected to said movable 
microelement. An address electrode is allocated on said surface and electrostatic suction of said movable microelement is 
possible. The address of said address electrode is carried out to the 1st potential. Said movable microelement is first set as the 
2nd potential that forms a non-address state, and said movable microelement is changed from said 2nd potential to the 3rd 
potential that forms an address state in time deltat before a predetermined pulse signal is sent. Said movable microelement is 
maintained by said address state between time delta t+delta t\ 
[0008] 

In another embodiment of this invention, said movable microelement is returned to said non-address state after said address 

state by returning said 3rd potential to said 2nd potential. 

[0009] 

In another embodiment of this invention, said movable microelement is changed by electrostatic after said address 

state. 

[0010] 

In another embodiment of this invention, said predetermined pulse signal can clear the potential difference between said address 

electrode and said movable microelement, and, thereby, returns said movable microelement to said electrostatic 

[0011] 

In another embodiment of this invention, said given signal is an electromagnetic radiation signal turned to said movable 

microelement. 

[0012] 

In another embodiment of this invention, said given signal is an electrical signal with possible making the discharge of a capacitor 

by which loading is carried out in said 1st potential start while being connected to said address electrode. 

[0013] 

In another embodiment of this invention, said time delta t+delta t' is shorter than 10 ms. 
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[0014] 

In another embodiment of this Invention, said time delta t+delta t' is shorter than 10 microseconds. 
[001 5] 

In another embodiment of this invention, the value of said 2nd potential. It is substantially equal to the half of the maximum 
potential by which an address is carried out to said address electrode which forms non-deflection status in both the maximum 
potential and minimum potential by which an address is carried out to said address electrode, and said 3rd potential is 
substantially equal to said minimum potential by which an address is carried out to said address electrode. 
[0016] 

In another embodiment of this invention, said movable microelement is supported along with the omitted portion by the twist 

hinge of the couple which forms the axis-of-^orsion heart 

[0017] 

In another embodiment of this invention, said movable microelement. It is supported by the member rotates of the couple which 
forms the tiltable shaft heart along with the omitted portion, and said return component, While returning said movable 
microelement in non-deflection status, it is at least one crookedness hinge which can permit that can come, simultaneously said 
movable microelement tilts by the circumference of said tiltable shaft heart. 
[0018] 

In another embodiment, further, this invention has at least one crookedness hinge which can permit that can come, 
simultaneously said movable microelement rotates by the circumference of said tiltable shaft heart while returning said movable 
microelement in non-deflecting positions. 
[0019] 

In another embodiment of this invention, said movable. microelement, VVhile returning said movable microelement to a relaxed 
state along with one of omitted portions, it is supported by the crookedness hinge of the couple which can permit carrying out 
vertical migration to said surface where it can come, simultaneously said movable microelement has said at least one electrode. 
[0020] 

In another embodiment of this invention, said movable microelement. While returning said movable microelement to a relaxed 
state along with two of the omitted portions, it is supported by two pairs of crookedness hinges which can permit carrying out 
vertical migration to said surface where it can come, simultaneously said movable microelement has said at least one electrode. 
[0021] 

Said crookedness hinge is attached to the polygonal comer in another embodiment of this invention. 
[0022] 

Said crookedness hinge is attached to the polygonal surface part in another embodiment of this invention. 
[0023] 

In another embodiment of this invention, at least one of the at least one and/or said axis-of-torsion hearts of said crookedness 

hinge is winding form. 
[0024] 

In another embodiment of this invention, said surface has further the counterelectrode estranged from said address electrode to 
the side, and electrostatic suction of said movable microelement is possible for said address electrode and said counterelectrode. 

[0025] 

In another embodiment of this invention, said predetermined pulse signal can clear the potential difference between said address 

electrode and said counterelectrode. and returns said movable microelement to said non-address state by this. 

[0026] 

In another embodiment of this invention, said predetermined pulse signal can clear the potential difference between said address 

electrode and said counterelectrode. and returns said movable microelement to electrostatic ********** by this. 

[0027] 

In another embodiment of this invention, said given signal is electromagnetic radiation turned to said movable microelement. 
[0028] 

Said given signal is [ in / further / another embodiment ] an electricial signal which can discharge the capacitor of this invention 

by which loading is carried out In said 1st potential while being connected to said address electrode. 

[0029] 

In another embodiment of this invention, said predetermined pulse signal synchronizes with said time delta t+delta t' so that said 

time deltat' may become equal substantially with the pulse length of said given signal. 

[0030] 

Said reflecting member is one movable microelement of said embodiments here about a spatiaHight-modulation machine 

provided with the reflecting member of further plurality [ this invention ]. 

[0031] 

In another embodiment of this invention, said reflecting member is set as one potential via one common element pin. 
[0032] 

In another embodiment of this invention, said counterelectrode is set as one potential via one common opposite pin. 
[0033] 

In another embodiment of this invention, it changes said all reflecting members substantially into the same time and an address 

state. 

[0034] 

Further, this invention is arranged in an image formation face, and relates to the equipment for patterning the work which induces 

electromagnetic radiation. 

[0035] 

The source in which this invention emits electromagnetic radiation towards an objective surface in the 1st embodiment, Provide 
the computer control reticle which received said electromagnetic radiation in said objective surface, and was constituted so that 
this electromagnetic radiation might be relayed towards said work arranged in said objective surface and which has two or more 
reflective movable microelement, and here. In that in which said computer control reticle has two or more reflective micro 
components, said reflective micro component is characterized by being one movable microelement of said embodiments. 
[0036] 
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Said surface has at least one electrode here about a method for this invention to reduce further the hysteresis of the movable 

microelement estranged and arranged from the surface. 

[0037] 

In the 1 st embodiment, this invention includes the following processes, 

Said movable microelement is set as the 2nd potential that forms a non-address state. 

An address electrode is arranged on said surface and electrostatic suction of said movable microelement is possible for it here 
where the address of the address electrode is carried put to the 1 st potential. 

In time deltat before said movable microelement is sent to a predetermined pulse signal, it changes from said 3rd potential to the 
4th potential that forms an address state, 

Said movable microelement is maintained in said address state between time delta t+delta t'. 
[0038] 

In another embodiment, this invention includes the following processes further, 

By changing said movable microelement from said 3rd potential to said 2nd potential, it returns to said non-address state. 
[0039] 

In another embodiment, this invention includes the following processes further. 

Said movable microelement is changed after said address state at electrostatic **********. 

[0040] 

In another embodiment, this invention includes the following processes further. 

With said predetermined pulse signal, the potential difference between said address electrode and said movable microelement is 

cleared, and. thereby, said movable microelement is returned to said electrostatic **********. 

[0041] 

In another embodiment of this invention, said given signal is an electromagnetic radiation signal turned to said movable 

microelement. 

[0042] 

In another embodiment of this invention, said given signal is an electrical signal with possible making the discharge of a capacitor 

by which loading is carried out in said 1 st potential start while being connected to said address electrode. 

[0043] 

In another embodiment of this invention, said time delta t+delta t' is shorter than 1 0 ms. 
[0044] 

In another embodiment of this invention, said time delta t+delta t' is shorter than 10 microseconds. 
[0045] 

In another embodiment of this invention, said 2nd potential. It is substantially equal to the half of the maximum potential by which 
an address is carried out to said address electrode which forms non-deflection status in both the maximum potential and 
minimum potential by which an address is carried out to said address electrode, and said 3rd potential is substantially equal to 
said minimum potential by which an address is carried out to said address electrode. 
[0046] 

In another embodiment, this invention includes the following processes further. 

Said movable microelement is supported along with the omitted portion with the twist hinge of the couple which forms the axis- 

of-torsion heart 

[0047] 

In another embodiment, this invention includes the following processes further, 

Along with the omitted portion, said movable microelement here where it supports by the member rotates of the couple which 
forms the tiltable shaft heart said return component. While returning said movable microelement in non-deflection status, it is at 
least one crookedness hinge which can permit that can come, simultaneously said movable microelement rotates by the 
circumference of said tiltable shaft heart. 
[0048] 

In another embodiment, this invention includes the process of further the following. 
Said movable microelement is returned with at least one crookedness hinge. 
[0049] 

In another embodiment, this invention includes the following processes further. 

While returning said movable microelement to a relaxed state along vyith one of omitted portions, said movable microelement. It 
supports with the crookedness hinge of the couple which can permit carrying out vertical migration to said surface where it can 
come, simultaneously said movable microelement has said at least one electrode. 
[0050] 

In another embodiment, this invention includes the following processes further, 

While returning said movable microelement to a relaxed state along with two of the omitted portions, said movable microelement. 
It supports with the crookedness hinge of the couple which can permit carrying out vertical migration to said surface where it 
can come, simultaneously said movable microelement has said at least one electrode. 
[0051] 

Said crookedness hinge is attached to the polygonal comer in another embodiment of this invention. 
[0052] 

Said crookedness hinge is attached to the polygonal surface part in another embodiment of this invention. 
[0053] 

In another embodiment, this invention includes the following processes further. 

At least one of the at least one and/or said axls-of-torsion hearts of said crookedness hinge is winding form. 
[0054] 

In another embodiment of this invention, said movable microelement is one movable microelement of said embodiments. 
[0055] 

In another embodiment, this invention includes the following processes further. 

Said time deltat' synchronizes said predetermined pulse signal with said time delta t+delta t' so that it may become equal 
substantially with the pulse length of said given signal. 
[Best Mode of Carrying Out the Invention] 
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[0056] 

For a still more perfect understanding of this invention and its advantage, the following explanation is referred to with reference 

to an accompanying drawing. 

[0057] 

Drawing 1 a is illustrating the 1st embodiment of movable microelement, for example, micro machine member, ** with little 
hysteresis by this invention. Said movable microelement can be used as the mirror of a spatial-light-modulation machine (Spatial 
Light ModulatorSLM), for example. Said mirror can operate in the digital mode in which ON and the OFF state of this mirror 
member which are analog modes in order to operate the deflection degree of this mirror member selectively as a function of an 
electrical input, or are formed of a maximum deflection and un-deviating are expressed. According to how it acts physically, as a 
function of said input signal, this mirror (movable microelement) may be linearity mostly, and the deviation of said mirror member 
may have it. [ nonlinear ] 
[0058] 

in this example, said movable microelement 10 was supported by the twist hinge 60 of the couple along with the one omrtted 
portion — it is a rectangular reflecting member mostly. This reflecting member can be made into arbitrary form, such as a 
polygon, circular, or an ellipse form, for example. Said hinge is twisted along with it and forms an axial center. Said twist hinge 
extends from said movable microelement 10, and is supported by the support component 50. This support component is 
supported on the base material 20. Said movable microelement 10, said twist hinge 60, said support component 50. and said base 
material, For example, since it can form from the same materials, such as silicon and aluminum, and they can be etched from one 
base material for a person skilled in the art using well-known etching technology, it is unnecessary to explain them further. 
[0059] 

Said base material is provided with the following. 

The conductive address electrode 40. 

The conductive counterelectrode 30 as an option. 

These address electrodes 40 and the counterelectrode 30 as an option are connected to the address circuit (not shown) of the 
lower part formed in said base material 20. Said address electrode is connected to a capacitor and these capacitors hold the 
address voltage by which an address is carried out to said electrode. The counterelectrode 30 and the address electrode 40 of 
said option are mutually estranged on said surface 20 in the side, and electrostatic suction of said movable microelement 1 0 is 
possible for them. Said twist hinge 60 is rotated or twisted with said movable microelement 10, and provides the stability as 
mechanical energy. When voltage is not built to the counterelectrode 30 and address electrode of said movable microelement and 
said option, in the following explanation, it is supposed that it is said movable micro component in the ****** deflecting positions 
which are Indicated as an electric non-suction state and which are the usual flats. A counter direction can be made to rotate 
said movable microelement by shifting said address. voltage from an address electrode to a counterelectrode. 
[0060] 

Drawing 1 b Is illustrating the 2nd embodiment of movable microelement with little hysteresis by this invention. This 2nd 
embodiment has the two flexible hinges 70 supported by the support component 50 while being connected to said movable 
microelement 10 in addition to said 1st embodiment. When said movable microelement 10 deviates by the circumference of said 
twist axiai center formed by said twist hinge 60. these flexible hinges 70 also provide stability, and are changed or crooked In this 
embodiment, said flexible hinge 70 is L form in which one of ends was connected to said support component 50, and that other 
end was connected to said movable microelement 10. One side of these flexible hinges was connected to the same side as one 
side of said twist hinge, the flexible hinge of another side was connected to the same side as the twist hinge of another side, and 
these flexible hinges are mutually estranged to the diagonal direction on said movable microelement. 
[0061] 

Drawing 1 c is illustrating the 3rd embodiment of movable microelement with little hysteresis by this invention. The point of 
difference of this embodiment and said 2nd embodiment has said movable microelement 10 in having the two pivotal support 
parts 65 instead of the aforementioned torsion hinge 60. These pivotal support parts are supported by said support component 
50. These pivotal support parts are located in the crevice 55 formed in the upper part of said support component 50, only the tilt 
in the circumference of the tiltable shaft heart of sard movable microelement 20 is permitted, and that it separates and moves to 
the side from the position conforms to the size of said pivotal support part 65 so that it may not approve. 
[0062] 

Stability is provided by the flexible hinge 70 changed or crooked when said movable microelement 10 deviates by the 
circumference of said tiltable shaft heart formed of said pivotal support part 60. In this embodiment, said flexible hinge 70 is L 
form in which one of ends was connected to said support component 50, and that other end was connected to said movable 
microelement 10. One side of these flexible hinges was connected to the same side as one side of said pivotal support part, the 
flexible hinge of another side was connected to the same side as the pivotal support part of another side, and these flexible 
hinges are mutually estranged to the diagonal direction on said movable microelement. 
[0063] 

Drawing 1 d is illustrating the 4th embodiment of movable microelement with little hysteresis by this invention. There is a point of 
difference with the above-mentioned embodiment indicated with reference to this 4th embodiment and drawing 1-3 In the 
movable microelement 10 carrying out vertical movement in the vertical direction to the surface 20 to which at least one address 
electrode 40 was attached. The flexible hinge 70 is supported by the support component 50 while being connected to said 
movable microelement 1 0. Said flexible hinge 70 is changed or crooked, when stability is provided and said movable microelement 
10 carries out vertical movement perpendicularly substantially to said surface 20. In this embodiment, said flexible hinge 70 is the 
rectangular shape with which one of ends was connected to said support component 50, and that another end was connected to 
said movable microelement 10. Said flexible hinge is attached to the 2 opposed faces of the movable microelement 10 of said 
rectangle. Preferably, said hinge is in agreement with one of the symmetrical axial centers of said movable microelement 10. In 
another embodiment, at least, the flexible hinge 70 of a couple is attached to said movable microelement 10, and these already 
corresponds with another axis of symmetry of this movable microelement 10. In the embodiment of drawing 1 d, although said 
address electrode 40 is the same form in the same size ais substantially as said movable microelement 10, it is also possible to 
both differ the form and size of this address electrode from said movable microelement 10. Said address electrode can also be 
divided into two or more address electrodes 40 again. Other movable microelement (the same pixel) in the state where it 
maintained to the slackened position (The state which does not have an electrostatic suction force between the movable 
microelement 10 and the address electrode 40), Destructive interference is attained by what the movable microelement 10 is 
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Cauda d shifted for (one fourth of the wavelength used in order to hit this component). 
[0064] 

Drawing 1 e is illustrating the 5th embodiment of movable microelement with little hysteresis by this invention. Said flexible hinge 
70 is L form, the number of these flexible members 70 is hot 2 but 4, and the point of difference of this 5th embodiment and said 
4th embodiment has it in those each sets being substantially in agreement with a diagonal symmetrical axial center further. 
[0065] 

Drawing 2 shows the abbreviated flow chart of the method of reducing hysteresis by this invention. 
[0066] 

The 1st process 110 expresses the process of setting said movable microelement 10 as the 2nd potential. Said 2nd potential can 
be made into the potential which is a half of the value of the maximum potential by which an address is carried out to said 
address electrode, for example. Said 3rd electrode forms a non-address state. 
[0067] 

The 2nd process 120 expresses the process of carrying out the address of the address electrode 40 to the 1st potential. Said 
1 st potential can be made Into the any value between minimum potential and said maximum potential, said minimum potential can 
be made into earth potentials, and said maximum potential can be set to 20V here. Said address electrode 40 is arranged on said 
surface 20. and electrostatic suction of said movable microelement 1 0 is possible for it. 
[0068] 

The 3rd process 130 expresses the process of changing said movable microelement from said 2nd potential to the 3rd potential 
that forms an address state. The change to this 3rd potential is performed to time deltat before a predetermined pulse signal is 
sent. Said 3rd potential can be made into earth potentials, for example. 
[0069] 

The 4th process 140 is shorter than 10 ms. and expresses the process of maintaining said movable microelement by another 
embodiment in the one embodiment in time equal to delta t+delta t* shorter than 10 microseconds, and said address state, deltat' 
should correspond to the time for discharging a capacitor made into several microseconds or less than it according to the type 
and size of the capacitor, for example, deltat — the any value of the range of a sub second — it can be most . preferably set as 
the value for 10 or less microseconds about 10 or less ms. Although, deltat is. longer than deltat', it can also usually apply the 
opposite composition. Said given signal can be used as pulse electromagnetic radiation beams, such as a pulse laser, for example, 
deltat' synchronizes with the pulse length of said pulse signal in one embodiment. 
[0070] 

After changing into said time delta t+delta t' aforementioned acldress state, said movable microelement is returned to said 2nd 

potential, or is changed to electrostatic **********. ' , ; 

[0071] 

A spatiaHight-modulation machine can be provided with two or more mirrors which can be considered as the type of the 
movable microelement arranged at a one-dimensional sequence or two-dimensional array form. In said SLM, it can connect with 
one voltage plane and all the movable microelement, i.e., mirror surfaces, can carry out an address to this flat surface in one of 
the input pins, and what is called an element pin. The same thing is applied also to all the counterelectrodes 30 on said base 
material 20. Namely, an address is possible for both them using what is called an opposite pin. When said counterelectrode 30 is 
maintained by earth potentials, said address electrode, An address is carried out to earth potentials, movable microelement is set 
as either of said 3rd'Or 4th potential, and since the potential difference between an address electrode and movable microelement 
is equal to the potential difference between a counterelectrode and movable microelement, movable microelement is not 
deflected. However, it is also possible to provide the bending part to a small lower part among both the edge of movable 
microelement depending on the thickness. This bending part sets the thickness of said movable microelement constant, and 
increases with the increase in the voltage concerning this movable microelement. All the mirrors of said SLM are substantially 
changed from said 3rd potential from said non-address state simultaneously to said 4th potential, i.e., said address state, all the 
mirrors of SLM — moreover — it is in said address state the same time (deltat+deltat') substantially — this — the hysteresis of 
these mirror members — removal — or it decreases at least. These mirror members have so few degrees influenced by a 
hysteresis effect (hysteresis) that the time when these mirror members are in an address state is short. That is, the influence on 
the mirror member by said hysteresis effect decreases, so that the duty cycle which the time when a mirror member is in an 
address state carries out comparatively, and is defined is short. A mirror member not only stops at said address state short time, 
but in the same time, i.e.. deltat+deltat'. all mirror members stop at said address state substantially. 
[0072] 

If movable microelement is set as 10V and a counterelectrode is maintained by earth potentials, in both cases where an address 
is carried out to the case where the address of the address electrode is carried out to the minimum voltage OV, and the 
maximum voltage 20V, the movable microelement 10 will stop at non-deflection status substantially. This is not important for the 
mark of voltage in electrostatic force, and he can understand it by recognizing that It Is always a suction state. An example of 
the deviation as a function of the potential difference between an address electrode and movable microelement is illustrated by 
drawing 3. In drawing 3. a movable component is in zero potential, and the potential of the address electrode is changing, moving 
a deflection degree up and down by turns, and measuring it. In this figure, the movable microelement can understand that it is 
non-deflection status substantially below by a certain potential difference (this example 10V). The electromagnetic force 
between movable microelement and an address electrode receives reaction according to the mechanical stability of said twist 
hinge 60 (singular number or plurality) and/or the flexible hinge 70. According to the type and number of these twist hinge and/or 
flexible hinges which were attached to movable microelement, said deviation as a function of the potential difference between an 
address electrode and movable microelement can change. 
[0073] 

This means that it is possible to carry out an address to all the pixels (namely, rotation member), without deflecting substantially 
the rotation member which corresponds to a rotation member using 10V. For example, if the voltage to movable microelement 
shifts to 0 volt just before said electromagnetic radiation signal turned to said movable microelement, and the predetermined 
signal which can be carried out, all the movable microelement will be in said request deflection status simultaneously. If said 
electromagnetic radiation Is equivalent to movable microelement, all the capacitors connected to said address electrode on a 
base material will be discharged, and movable microelement vyill return to said un-deviating and an electromagnetism non-suction 
state immediately. Thus, the duty cycle which deflects all the movable microelement is maintainable as a very small thing based 
on the switching time of miller voltage. If delta t+delta t' is maintained at 10 microseconds, supposing the frequency of said pulse 
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signal will be 1000 Hz, the duty cycle of perfect deflection status will be 1%. 
[0074] 

When the address of said address electrode is carried out to said maximum or the minimum (grounding) potential, movable 
microelement is set as the half of the value of maximum potential and a counterelectrode is maintained by earth potentials, the 
address of the movable microelement Is not deflected and carried out. In the case of each value between maximum potential and 
minimum potential, the address of the movable microelement is not deflected and carried out. The worst case is a case where 
address vottage is a half of the value of the maximum. In this case, since both an address electrode and movable microelement 
are 10V, power is not generated among them. Next, a counterelectrode pulls movable microelement caudad with the power 
corresponding to 10V. However, to a fortunate thing, this deviation is comparatively small by the nonlinear action of movable 
microelement so that I may be understood from drawing 3. 
[0075] 

Drawing 4 is Illustrating the embodiment of the equipment 100 for patterning the work 60 coated by the layer of electromagnetic 
radiation induction material. This equipment 1 00 is provided with the following. 
The source 1 1 which emits electromagnetic radiation. 
The 1 st lens system 50. 
Computer control reticle 30. 

The 2nd lens system 20. the spatial filter 70, the 3rd lens system 40. and the work 60. 
[0076] 

In this application from the infrared rays (IR) which carry out said source 1 1 to from 780 nm to about 20 micrometers, and are 
defined, The radiation of the wavelength range to the extreme ultraviolet rays (EUV) defined from 100 nm as a range of all 
possible [ that the radiation is treated as electromagnetic radiation ] low wavelength can be emitted. This source 1 1 emits 
radiation to pulse form or continuous state. The discharge radiation from the continuous radiation line source 11 can be formed 
in pulse form radiation with the shutter located in the radiation course between this radiation source 1 1 and said computer 
control reticle 30. Said radiation source 1 1 can be made into a 1000 Hz [ in 248 nm of pulse outputs, about 10 ns of pulse length, 
and repetitive speed ] KrF excimer laser as an example. Said repetitive speed may be 1000 Hz or less, and may be not less than 
1 000 Hz. Said 2nd lens system 20 can be made into the assembly of a simple lens or two or more lenses. This 2nd lens system 
20 distributes uniformly the radiation emitted from said radiation source 1 1 on the surface of said computer control reticle 30. 
[0077] 

Said 2nd lens system 20 can have the exit pupil in infinite distance, and means that this has the parallel center shaft heart of the 
cone of radiation. The center shaft heart of sard radiation cone of said objective surface is [ in / in accordance with the position 
of said computer control reticle 30 / at this embodiment /; said objective surface ] parallel. Said computer control reticle 30 can 
be used as a spatial-light-modulation machine (SLM). In this embodiment, this SLM has all the Information required to pattern 
sard work 60 whole at a single moment. 
[0078] 

The spatiaHlight-modulation machine 30 can be made into a reflection type or a transmission type thing. In the embodiment 
illustrated by drawing 1, said SLM Is the reflection type SLM. Reflection type spatial-lrght-modulation machines are two types, 
i.e., a deviation type and a phase type, and In the case of a micro mirror,. especially the difference between these may be 

visible to a small thing, but the phase type SLM, The pixel of the deviation type SLM makes one side deflect a reflective beam 
geometrically to erasing the beam of a reflecting direction by destructive interference, so that a reflective beam may separate 
from the caliber of an image formation lens. Usually, the micro mirror of the deviation type SLM is more greatly displaced as 
compared with the micro mirror of the phase type SLM from the flat position formed of the surface of loose SLM whose surface 
of a micro mirror is a flat For ultraprecise patterning which is. performed by this invention, the phase type SLM is superior to the 
deviation type SLM. 
[0079] 

Since it is possible all the parts of the surface and for a hinge and a supporting post to participate in said destructive 
interference, and to attain perfect extinction further as for the phase type SLM, contrast is more excellent in the 1 st. 
[0080] 

The system which acts by 2nd deflecting radiation in one side is difficult to form symmetrically by the circumference of an optic 
axis in a middle change angle, and when a focus is changed, there is a possibility that functional Instability may occur. The phase 
type SLM can be built according to a micro processing mirror, what is called a micro mirror, or the continuation mirror surface on 
a supporting substrate, and said mirror surface can be changed using an electrical signal. 
[0081] 

For example, although the viscoelasticity layer controlled by electrostatic electric field can be used for said continuation mirror. 
It comes out enough especially by modification of about several nanometers, and, in the case of a certain very short wavelength. 
It is possible similarly that electric field or others are electric and to use the piezo-electric solid disk transformed by the 
reflector controlled magnetically or thermally. In the description, of the following of this application, although premised on the 
electrostatic control micro mirror matrix (one dimension or tvyp; dijnensions). Other composition which was mentioned above, 
such as micro mechanical SLM which uses the transmission type or the reflection type SLM based on a LCD crystal or 
electrooptic material, a piezo-electric formula, or electrostriction operation as those abnormal-conditions mechanisms, is also 
possible. 
[0082] 

Said SLM is programmable equipment which generates the output radiation modulated by the separate input from a computer. 
SLM answers the data supplied from a computer and simulates an operation of a mask through generating of luminosity or a dark 
pixel. For example, the phase type SLM is an array of the etched solid mirror. Each micro mirror component is hung above the 
silicon base material by the twist hinge which another supporting post or an adjoining mirror is not. but can be supported by **. 
The address electrode is arranged under these micro mirror components. One micro mirror expresses one pixel to an objective 
surface. The sizes should differ by whether to be large according to the optical system, i.e.. is [ whether the optical system is an 
expansion type and ] it a non-expanding formula?, although the pixel of an image formation face is defined as what has the same 
geometrical form as a micro mirror here, or small. 
[0083] 

Said micro mirror and an address electrode act as a capacitor, and to the voltage to a micro mirror with the voltage applied to an 
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address electrode. Said twist hinge which has hung the micro mirror is twisted, it permits that a micro mirror rotates by this, and 
phase contrast is made by it. According to the voltage given, any state from a flat position to a perfect rotary place can take 
rotation of a micro mirror. The micro mirrors of the perfect rolling state whose length of the neighborhood is about 16 
micrometers and which has the rectangular surface substantially are usually 8mRad, More generally said full rotation micro mirror, 
1/4 of the wavelength which is measurement with parallel edge and is used to a shaft center — rotating — or — or in the case 
of the micro mirror which moves vertically to said surface, the difference between the maximum state and the minimum state is 
1/4 of the wavelength which is parallel measurement and Is used to the surface of said micro mirror. 
[0084] = ... 

The projection system 80 is provided with the following. 
In this embodiment It Is said 3rd lens system 40. 
Spatial filter 70. 
Said 1 st lens system 50. 

Said 3rd lens system 40 and the spatial filter 70 are collaboration, and what Is generally called the Fourier filter is formed. 
[0085] 

Said spatial filter 70 is the hole formed in the plate in this embodiment, this hole is diffracted by the primary and higher order 
degree — all the orders of diffraction are prevented substantially — as — size composition — and the arrangement 
configuration is carried out, for example, said hole can be arranged from said 3rd lens system 40 to a focal distance position. In 
the focal plane which acts also as a pupil side of said 1st lens system 50 simultaneously, the reflected radiation is collected by 
the 3rd lens system 40. Said hole can carry out the cutout of the light of the primary or higher order order of diffraction of the 
micro mirror in SUM by which the address was carried out, on the other hand the radiation from the non-address mirror surface 
can pass through this hole. As a result, the space image by which intensity modulation was carried out on the work 60 is formed 
like the conventional lithography. For the optimal picture contrast, the diffraction pattern of SLM by which all the pixels were 
changed should contain only the light of primary and the order of diffraction higher order than it without the radiation of zeroth 
order. 
[0086] 

Said 1 st lens system 50 has that exit pupil on the infinite edge in this embodiment. That is, the medlal-axis heart of the cone of 

the radiation of the image formation face formed of the position of the work 60 Is parallel. 

[0087] 

Said work 60 can be used as the base material provided with sensitization sides, such as a semiconductor device and a photo 
mask for display panels. It can also be considered as the semiconductor wafer coated by the photosensitive layer again. Since 
this Invention does not have a use directly only in patterning of semiconductor device Bataan, a display panel, integralHiype 
Optical Devices Division, and electronic Interconnection structure, it is available also to patterning of the type of others, such as 
security patterning. Here the term of patterning only not only in exposure of photoresist and a photographic emulsion, I should be 
understood by the large meaning also meaning an operation of the radiation to other radiation induction media (for example, dry 
process paper) started with radiation or heat, such as ablation or a chemical process. The processed wafer of this invention Is 
available again also to the wafer restoration reworked by radiation. 
[0088] 

Said work 60 can also be arranged on the moving stage where it moves at a fixed speed. In this case, said electromagnetic 
radiation is the pulse form electromagnetism source 1 1 which irradiates with said computer control reticle 30 and in which each 
pulse which turns image formation to the work 60 up irradiates with the portion from which that work 60 differs. For example, 
said computer control reticle 30 which can be set to SLM operates so that reconstruction Is possible, so that all the arrays of 
the micro mirror may form an exact picture on the work 60 to each pulse. 
[0089] 

First, the binary pattern from a CAD layout is changed into the data set of SLM data. This data Is transmitted to SLM and many 
micro mirrors change a position here according to the control electronic structure included In It. Thereby, a non-deviating pixel 
expresses the bright field on a work. Each specific cone of the radiation of a picture pixel defined above in said image plane 
corresponds to one specific object pixel of said computer control reticle 30 which can be used as a single micro mirror, for 
example. Each micro mirror can be made into a movable microelement type thing as mentioned above; 
[0090] ' 

The pattern on the work 60 is formed with many SLM stamps (stamps). These stamps should overlap selectively mutually. 
Grouping of both these stamps is carried out to a strip, and each strip has at least two stamps, and covers the overall length of a 
mask base material, or Its part there. Said stamp on a strip is arranged as the line or sequence of 'a one-dimensional line, for 
example, a stamp. 
[0091] 

Drawing 5 is illustrating an example of the method by which the SLM stamp 150 is arranged on the work 60. The work 60 is 
covered by the lines 11, 12, 13, 14, 15, 16, 17, and 18 of the SLM stamp 150, the eight sequences c1, c2, c3, c4, c5, c6, c7. and 
c8 in this figure. Actually, although a work is covered with the SLM stamp of thousands, the pattern of only 8x8 is illustrated for 
clear-izing. Each stamp has many pixels and usual has millions of pixels. A strip can be made into the part of a perfect line, 11, 
12. 13. 14, 15, 16, 17 and 18, or such a line. In accordance with the direction 11, 12, 13. 14, 15, 16. 17, and 18 of a strip, for 
example, lines, while said radiation source emits radiation to SLM so that It may carry out image formation of the pattern on it to 
a work, the supporting structure which carries a work moves. Completion of one strip will move the supporting structure In the 
equal direction substantially [ size / a vertical direction arid / of the stamp of this direction ] substantially to the direction of a 
strip. - » • 

[0092] 

A history (imprinting) is a cumulative material operation which appears as change in which an actuator/picture element position 
increases gradually, when all the parameters are kept constant in deflection status. When an actuator is neglected by sufficient 
time and non-deflection status, it is saved somewhat and appears (cure out). Both accumulation of a history and preservation of 
a history are nonlinear operations. Thus, it depends for the position at the given time not only on the electrostatic force which 
the actuator has received at that time but on the history of a deviation of this specific actuator. Therefore, the response of an 
actuator becomes inaccurate after a certain time. That is. the placement accuracy of the feature on the mask in a lithography 
process falls. 
[0093] 
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In another embodiment of this invention, said history is reduced substantially completely at least. 
[0094] 

It may be longer than the time between the laser flashes of two times during time to process a perfect pattern on a work, and < 
the interval of the time in which a pattern is not then formed may exist. Laser does not irradiate with SLM during the return 
stroke which is the time which needs said supporting structure body for another strip to begin, and pass and move from the end 
of one completed strip. The pattern on SLM is not acting on the last pattern on a mask during this return stroke. Therefore, it is 
possible to operate SLM by desirable arbitrary methods, although said cumulative history operation on another strip from one 
strip is reduced or neutralized during the time of a return stroke. 
[0095] 

When printing a specific pattern on a work, the deviation tjme and- the grade of a deviation of each pixel may be monitored 
between each strip. For example, the reaction over the his^ory under return stroke can be attained by shifting each actuator to 
reverse or a negative state. This can be performed by usihg the, set of amplitude, address times, or the amplitude and the 
address times that deters correctly the history generated during exposure (singular number or plurality) of the strip (singular 
number or plurality) before that to each actuator in SLM. 
[0096] 

It is also possible to use the feedback system which monitors the momentary history operation generated about each actuator, 
and cancels it after that. This can be performed by using the monitor system based on an in-system (inch-system) camera which 
measures the contrast from each actuator, when the address of all the actuators is carried out to the same amplitude. Contrast 
differentiation (derivative) uses the collective address position of the actuator which is a possible peak price in the mask writer 
system, and measurement should be performed immediately after each strip. Then, the information from this measurement can be 
used and amplitude and address times can be fine-adjusted for history reaction addressing in the remaining portion of a return 
stroke, 
[0097] 

Instead of returning as time for reducing or canceling a history operation, and using a stroke, this cancellation or reducing method 
may be performed at what kind of time under processing of a perfect pattern. For example, a. specific actuator may stop an image 
formation process, when [ given ] it is in given time and an address state, the quantity of a deviation may be taken into 
consideration in that case, or it is not necessary to put in. 
[0098] 

Cancellation of a history may be performed at one or more processes. After repealing each actuator from the information about 
deviation time and a deflection degree in the given time interval calculated from the picture photographed, for example by the 
CCD camera, further fine adjustment may be performed from the picture taken from SLM by which the history was canceled, 
every — a SLM pixel is set as a given state and compensation in the address function for the further fine adjustment of that 
actuator or each pixel is performed by the grade of the difference from this state. 
[0099] 

Thus, although the specific embodiment of the equipment for patterning a work until now has been indicated, it does not have 

intention of such concrete reference being regarded as limitation to the range of this invention except for being indicated to 

Claims. Although this invention has been indicated in relation vyith the specific embodiment, it is understood that a person skilled 

in the art will think out also in the other embodiments, and it is meant by Claims until now with that in which all such change 

composition is included. 

[Brief Description of the Drawings] 

[0100] 

[Drawing 1 a] The hysteresis by this invention is illustrating few 1 st embodiment of movable microelement 
[Drawing 1 b] The hysteresis by this invention is illustrating few 2nd embodiment of movable microelement. 
[Drawing 1 c] The hysteresis by this invention is illustrating few 3rd embodiment of movable microelement 
[Drawing 1 d] The hysteresis by this invention is illustrating few 4th embodiment of movable microelement 
[Drawing 1 e] The hysteresis by this invention is illustrating few 5th embodiment of movable microelement 
[Drawing 2]The abbreviated flow chart of the method of reducing the hysteresis by this invention is shown. 

[Drawing 3]The schematic illustration of the deviation as a function of the potential difference between an address electrode and 
movable microelement is shown. 

[Drawing 4]The optical system for patterning the base material coated by the electromagnetic radiation induction material layer is 
illustrated. 

[Drawing 5]The composition of the SLM stamp on a work is illustrated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0100] 

[Drawing 1 a] The hysteresis by this Invention is illustrating few 1st embodiment of movable microelement. 
[Drawing 1 b] The hysteresis by this invention is illustrating few 2nd embodiment of movable microelement. 
[Drawing 1 c] The hysteresis by this invention is illustrating few 3rd embodiment of movable microelement. 
[Drawing 1 d] The hysteresis by this Invention is illustrating few 4th embodiment of movable microelement. 
[Drawing 1 e] The hysteresis by this invention is illustrating few 5th embodiment of movable microelement. 
[Drawing 2]The abbreviated flow chart of the method of reducing the hysteresis by this invention is shown. 

[Drawing 3]The schematic illustration of the deviation as a function of the potential difference between an address electrode and 
movable microelement is shown. 

[Drawing 4]The optical system for patterning the base material coated by the electromagnetic radiation Induction material layer is 
Illustrated. 

[Drawing 5]The composition of the SLM stamp on a work is illustrated. 



[Translation done.] 



http://www4.ipdLinpit.go jp/cgi-bin/tran_webj;_cgi_ejje?atw_u=http%3A%2F%2Fw%^ 4/4/201 1 



JP,2004-520618,A [] 



Page 1 of 4 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



WRITTEN AMENDMENT 



[Written Amendment] 

[Filing date]Heisei 15(2003) August 4 (2003.8,4) 
[Amendment 1] 

[Document to be Amended]Claims 
[Item(s) to be AmendedJWhole sentence 
[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 

Are estranged and arranged from the surface (20) which has at least one electrode, are movable microelement with little 
hysteresis (10), and to said movable microelement (10). In that by which at least one return component (60, 70) is connected, an 
address electrode (40) is allocated on said surface (20), electrostatic suction of said movable microelement (10) is possible, and 
the address of said address electrode (40) Is carried out to the 1st potential, 

In time deltat before a predetermined pulse signal is first sent to said movable microelement (10) to said movable microelement 
(10), A non-address state is set as the 2nd potential to form, and said movable component, Movable microelement (10) reduced 
when it changes from said 2nd potential to the 3rd potential that forms an address state and said history operation decreases an 
address state duty cycle of said movable microelement (10). 
[Claim 2] 

Movable microelement (10) which is the movable microelement (10) of Claim 1, and is returned to said non-address state after 
said address state when said movable microelement (10) returns said 3rd potential to said 2nd potential. 
[Claim 3] 

Movable microelement (10) from which it is the movable microelement (10) of Claim 1. and said movable microelement (10) is 
changed by electrostatic ********** after said 2nd potential state. 
[Claim 4] 

Are the movable microelement (10) of Claim 3 and said predetermined pulse signal. Movable microelement (10) which can clear 
said address electrode (40) and potential difference between said movable microelement (10), and returns said movable 
microelement (10) to said electrostatic ********** by this. 
[Claim 5] 

Movable microelement (10) which is Claim 1 or the movable microelement (10) of 4. and is the electromagnetic radiation by which 
said predetermined pulse signal is turned to said movable microelement (10). 
[Claim 6] 

Movable microelement (10) which is Claim 1 or the movable microelement (10) of 4, and Is an electrical signal with possible 
making discharge of a capacitor by which loading is carried out in said 1st potential start while said predetermined pulse signal is 
connected to said address electrode (40). 
[Claim 7] 

Movable microelement (10) which is the movable microelement (10) of Claim 1 and is maintained by time deltat+deltat* in which 
said movable microelement is shorter than 10 ms, and said address state. 
[Claim 8] 

Movable microelement (10) which is the movable microelement (10) of Claim 1 and is maintained by time deltat+deltat' in which 
said movable microelement is shorter than 10 microseconds, and said address state. 
[Claim 9] ,■ ■ • 

Are the movable microelement (10) of Claim 1 and a value.' of said 2nd potential, . In both maximum potential and minimum 
potential by which an address Is carried out to said address electrode (40), form non-deflection status. Movable microelement 
(10) in which it is substantially equal to a half of maximum potential by which an address is carried out to said address electrode 
(40), and said 3rd potential is substantially equal to said minimum potential by which an address is carried out to said address 
electrode (40). 
[Claim 10] 

Movable microelement (10) which is one movable microelement of the Claims 1-9 (10), and is supported by a twist hinge (60) of a 
couple with which said movable microelement (10) forms the axis-of-torsion heart along with the omitted portion. 
[Claim 11] 

Are one movable microelement of the Claims 1-9 (10), and said movable microelement (10), It is supported by member rotates 
(65) of a couple which forms the tiltable shaft heart along with the omitted portion, and said return component, Movable 
microelement (10) which is at least one crookedness hinge (70) which can permit that can come, simultaneously said movable 
microelement (10) tilts by a circumference of said tiltable shaft heart while returning said movable microelement (10) in non- 
deflection status. 
[Claim 12] 

Are the movable microelement (10) of Claim tO, and further, while returning said movable microelement* in non-deflection status, 
Movable microelement (10) which has at least one crookedness hinge which can permit that can come, simultaneously said 
movable microelement (10) tilts by a circumference of said tiltable shaft heart or said axis-of-torsion heart. 
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[ If * IS 4 1 ] 

W*«29~37<Dt/^-rn*>cD75-j*T$>oT,StC,iXT«XS:. 40 
MIB^Kjv^'^^diS^?:, ^cD4ifflgiJ53><3D 1 o(c?9^ T. tfjflBBrftv-C^^alg^^&ffiiS^^ 
El(cffi!l§?-<i^i:t:t(c. cni:IsI^tc,B^|BpI»jv-i'<>a^^;b^Hif|B'>«:<ttlO(D 

«ffi^*-ri.ijiBSffitc5^LT^is^®)-rsii i:^i^g-rsc hA^pjftg^-s^fDaftt:^ 

i^t;:j;oT^^-r;5XS^S#-ri.73&o 
Cli*9 4 2 ] 

tt*iS2 9 — 3 70l/>-rn*''(D73ffiTSoT. i-XT<^Xig.: 

Ht}IBRri!j-7'Ci7a^^;g:, ^cocffflgP^O-otcrtJoT, HulBBlf!lv-ri'Dlg^^?1*iS4^ 
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[ li « 31 4 3 ] 

^ n T ^/^ ^ 73 & o 

4 4 3 

It p. n T i> ^ 7?}*o 

[ W ^ 3a 4 5 ] 

C i» « « 4 6 ] 10 

(D -rnti^ <D ^ m -7 a m ^ T $> ^ m o 

[ g| * ^ 4 7 ] 

W * 3S 2 9 ~ 4 6 CD 1/^ -rn A> £0 73 T' ^ ^ T . M . T O X S : 

^xiC'^tc. HijIS^raA t 4-A t • ilRlW?-l±5Xg«-a#-r573}io 
[ li * ^ 4 8 ] 
«««2 9073j4T$>cT. MtC^ litTOXS: 

?n{t;-r ,2. xg^^-^r s 73 ffi o 20 

[ « * « 4 9 ] 

cfcoTtf*:>n573Sc. 

[ Si * 3S 5 0 ] 

4 9 073 T'fe -p T, {i>«?<DRii«)v-ri'Pm^f±, Huie^i^^H;&t;^2{ii6]7^iRi 

S*- S <i iSi CO JS ^ i,> i; T . m #Ol^HSD*RlT-^0<liRiS, mi73(ni{i:<Siq]$nS75r 

So' 

[ si * 3S 5 1 ] 

IS*W 4 8 (D73 T'fe o T, Bul3m^Jaffif^ffl©t5IS4'ft{b«, AnXit%±<^^^^'^^S'- . 30 

:y^#lRic-r^s*sxhij<yrM{c*5i>TfirtJ.ns7!r}4o 

[ If * JH 5 2 ] 

^^«4 8<D73}S-Z?feoT. Bij|B^«affif'FfflcDt(ilB4'iteft;«> '>^<ttlOtOBlS!jV 
[ 0 0 0 1 ] 

* fS 0^ « , - ^ ^ « 35 l^r fc t: X f-.U X X « « ffi S ^ M '> ^ -y- i) * O S tt5 , 

#(c.pi»jv-i'^p^?t,^n{c7Kux>s:^jSttcra-r5o 

[ ^ « S ffl ] 40 
[ 0 0 0 2 ] 

»3i:&5^-{l|p]<Dfciti{C/if.S;S:7'FU-X«SE^^{t$-ti: 1^ Ht^-S^SJld^lifg (S 
LM) fct3tti.5v-ffl|pia©k:x-7"'J>'XX{iffl]^«. ^ntcJ;-3T5^-co{i[p)©li 

rc a S 7 -f fC t3 5 ffi « CO ^ - > *5 T g ^ T K U X « IE ^ ^ iflij L , ^ n ^ « 
[ 0 0 0 3 ] 

mm^mmr ^ c tic^if ^fs\m^i,i. s LMco^'^-icii. ■7=' - . ?t « t;: , m (cisi 50 
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^ fc . m I yt\ commit. ^ S x ^ - -r - if ^ ;l/ ^ W L , « CO fc fe !/> T fi . 
^ n e. « m {c fg a. - -r - -y- ;l/ ^ W L . o tj ^^ t ti s "f CO 7=^ a - -r 

¥ 1^ ft -r ^ , s L M . - [Hi g ^ fc. m Mf t>* « CO A> ^' - ^ D - F -r S 

^ * 'i' > ^ «8i>grMffl -r -5 c . ^^m. X t± , '> ^ < i: t, # ^ ic ffl H T ^ o ^ ^ 

l$iE-ri)*^. tL<{S. SLMco = ^- ^?fiijS^-li-i)fcto{C, filf^^Wx ^<^->X-rA^ 
r -r F yl/ « S8 (c fi f S c i; 3f)"5 ig. S T- 6 d o 10 
[ 0 0 0 4 ] 

[^g^coM^] 

immti^mikL J:: o tr ^mmz 

[ 0 0 0 5 ] 

^ o 

[ 0 0 0 6 ] 
[ 0 0 0 7 ] 

m I mmmic:isi^r . *^B^t±. '>^<t*.iocD«is^w-r;5a®;b^6«ir^LTBs«^ 

m 2 mniicsai^-^ ti. m s © ;i/ x « ^ fut ^ n -s. tu © ^ m a t *3 t , m k ^ w ^ 
f<>D«^{i, HuSB^2it{s*^e., TFUT.^^^^jgfiic-rs^stifiitc^D^x.&nSo 30 

[ 0 0 0 8 ] 
[ 0 0 0 9 ] 
[0010] 

*fg0^(OgiJ^)5g(5iJtcfci/>T. HutBm^v-?;l^X«^{i, tulBT F PX«<1 i: . mi IB «J v 

^om^tiDmconiiLm^'^vT^mv&o. cntcj;o, fiuifipj»)-T-ri'a^^^BuiB 40 

[0011] ^ 

*Hf ^ T- ^ o 
[0012] 

B-FIB^ 1 «<Jl%p-xf >^y$n^3>7^:/-*tco)K«%F»B«!&^-t^§c i:3!j^pltg^ll^«^ 
T- i> o 
[0013] 

^ to SU * 0IJ T , flij IB^ M A t + A t ' ti , 1 0 m s J; 13 t ^ l.^ o 50 
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[0014] 

* ^ O SlJ H fiS fiBJ *5 1/^ T , HU 12 ^ A t + A t ■ « . 1 0 /t s ,fc 0 ^ l/^ „ 
[0015] 

* ^ W O SiJ H fig M *5 1/-' T , MiEm ZMiiLfOmiri. HU IB 7 K U X ins fc L T 7 K U X ^ 

n§«;'c«(ai:ft/j>«{3ii: (DM y; isi-^ m m\^^m^ m f^t ^ . mmT k u x « n 

LT7'KbX$n^gy»c«fjicDi{i5^tc^KS^tc#L<> mtif^ 3 M^li. HijIET'FbXW 
IS S«t L. T 7 F 1^ X ^ n i) Hu le « /J^ it {u {c ^ H W (c ^ b o 
[0016] 

n$^'L,^^i^B^i!c■r'S.-^>t^o^O t^v^tcj; o T ^ it ^ n T ^^ o 
[0017] 

* |g W S S'J £0 * M fiaj 43 v> T , Hij 13 nj » v.-f- ^ n m ^ . ^- © H 35 (c ffj -3 T , m 

[0018] 
[0019] 

'i'<5'D^^*<Hui2'>:&<i:t 1 -o CO MM ^ m r ^ m mmm fi L x mm.f^W} T ^ c t ^ ^ 

[ 0 0 2 0 ] 

* 51 O S gij CD IliSg tc *5 1.^ T . mf le W ift V ^ p ^ , ^ (D ^ (D — -D ic -o 
I'i'P^^A^ MK'>*< irfc loo«S^Wri.HijlBa®lcWLTSK^ll)-r§ci:^ 

[ 0 0 2 1 ] 

* 18 W O M gij CO H P *i T . mi K a fl t ^ ^ ^ O ^ 35 {c IS 0 {rt it ?> n T 

So 

[ 0 0 2 2 ] 

* 51 w © s tc gij o n SE tc 43 v> T , Hi} §e ® ft t > « > ^ ^ «o s gp fc «j 0 M 6> n T V> 

So 

[ 0 0 2 3 ] 

* 58 O H gij CD ^ j5tj tc *5 1/^ T . M IB a ft > CO '> < 1 o tJ J: tf / X hu 12 ^ 
[ 0 0 2 4 ] 

* ^ fi^ CD M gij (D II flg P fC V> T , W te S B , S fC , ftij 15 7 K X « ffi P> filj 7^ tc ffil ra 
L fc^f [RimiS^^ SSfB7 K ^x«88i:fli}IBJrfipimflii:«, mi sB^ ®i v ^' p ^ ^ 

[ 0 0 2 5 ] 

* 51 CD M tc gij CD II fiii fc *5 T . mi IB m ^ /Wl/ X fi ^ ti . S(i IB 7 K U X S 8i i: ffj IB i>f [rJ 
«1Si:oracDmf4M%^'J75j^Ta&t>x cntCcfeoT. milB"Ii!jv-ri?p^?^^milBlf 
7 KPX4>cSg^^!l»$-i±So 

[ 0 0 2 6 ] 

* 58 CD S gi| CD ^ ^ fi?ij *3 1/-^ T . mi IB m ^ -'l/ X fi ^ « . mJ IB 7 K U X « ® i: bu IB 
«^i:cD^cDmfitg%i'U75I*6T-fet). cntJiJioT^ mti^ Wi"^ ^ o ^ »m$^ 
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[ 0 0 2 7 ] 

* M gij CD II fig {c T , MB mmm^lt. WK"JKV'fi's^?(ciPltjp,n§ 
[ 0 0 2 8 ] 

ic. Mi3m 1 nm.^ t2 — "f > if ^ y (Dmm^t ^ c tAtRtftg^&n^M^T' 

5 o ' 

[ 0 0 2 9 ] 

m ^ <D J]/ X & t ic m L < ^ ^ ic . ijie^p^At + At' tmm^n^o 
[ 0 0 3 0 ] ' . ■ 

[ 0 0 3 1 ] 
[ 0 0 3 2 ] 

* ^ W <D M »c gij (0 ^ 0IJ v> T , B(i 12 iR) « mii . iocoftii<^*fi^tf>j&/)>UTlo 

® « fil fC ^ ^ ^ n 5 o . 20 
[ 0 0 3 3 ] 

^¥tm(D^i,cm<Dmmmic^v^-z . m is s *t w s -r t\ ^ h ibi, i; ^ . z f u 

[ 0 0 3 4 ] 

<o ^ s »c M -r s o 

[ 0 0 3 5 ] 
[ 0 0 3 6 ] 

mic. mmt)^ mm i-r mm nrzpjW}-r ^ a m=iF om m^m m ^ -a- s 

[ 0 0 3 7 ] 

m 1 * fiS (?IJ {C *3 V> T . t± > l-X T O I S ^ S ^ "T ^ , 

, fl(f le Pi » ^ -< ^ n |g ^ ^ ^ « BR f I Pi fil 5 , 

Hi} le oj iti V ^' n ^ ^ , m ^ ;!/ 7. fi ^ fg fi ^ n -5 mf O ^ IB A t :fe T , Su 15 ^ 
3«ffi*^P>, 7 KU-Xttftl^JgR!fr^|g4®fitlcW'9^^i>. 

[ 0 0 3 8 ] 

fiuie^3«{il*^p>Mie^2li&--^Hi)K"Ifiv-Yi'pm^^«0©x.i)il i:fe:d;-pT^ 95 SB 
[ 0 0 3 9 ] 
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[ 0 0 4 0 ] 

[ 0 0 4 1 ] 
[ 0 0 4 2 ] 
T' $) 5 o 

[ 0 0 4 3 ] • . 

* <D SiJ H S£ fiaj ^^ T , flij IB ^ H A t + A t ' fi . 1 0 m s J: 0 t M o 
[0044] • 

^¥%m(omnmmic^\,>r-. Hiiia^ra a t + a t • i o n s <t o t^v^o 

[ 0 0 4 5 ] 

^¥^m(Dmmmmicts\,^r . Su ib m 2 « (u t± . m mr v u x nm n l r t v u x n ^ 

[0046] 

ic ^ ^ r^wr ^ o 

[ 0 0 4 7 ] 

S tc gij <D H 0IJ »c *5 !/> T , *flW{i. Mtci-XTiOlg^S^-r ^ > 

««s?-a-5fci:«>ic, cniwi^fc, sdiBsnsv-ri^p^^ft^wiBi^Kiiiii/t^iiio-eiiiis-r 30 

[ 0 0 4 8 ] 

[ 0 0 4 9 ] 

M giJ « ^ SI 0IJ fC *3 T > 11 M J-X T <0 X g ^ S # -r S . 

i/' i o T 3S: if -r o 40 

[ 0 0 5 0 ] 

M tc SiJ CD ^ S6 <?IJ t3 1,^ T , * fl « . M tc li^ T <9 X g ^ ^ ^ -r i. , 

milBoJI!jv^^p^^;&, ^cDcf^gU^j-co-Ofcjfc^oT, iufBBlS)Vfi7D*^%34^4^ 
<0itfiii&*-rsMIBaeDJc^>tLTiii«iB;i!»-r5i: t^^^t-^c i:*^nJ - o a ft t 

> >>' {c <fc -3 T 3^ r s o 

[ 0 0 51] 

* (D gij o ^ «RJ *5 1/^ T > Bu IB e ft t :/ {± . ^ ^ <o ft gp fc flx 0 It 6. n T o 

[ 0 0 5 2 ] 

^^BBOSiJiTDllSSfiajfCfcV^T. fltllESfl t ^'i^ti, ^ ft <D S gp (c 5? 0 M tx T V> 5 o 50 

r 
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[ 0 0 5 3 ] 

ttj le a ft t > V? o '> < i: t 1 o .t t>" / X {± Bu 12 4a Ift (D '> * < t ^ 1 o ti . ft ^ fl5 

[ 0 0 5 4 ] 
[ 0 0 5 5 ] 

[^w^ii«6-r5fc4!)0«aojggi] 

[ 0 0 5 6 ] 

o ■ 

[ 0 0 5 7 ] 

(Spatial Light Modulator:SLM)<05'5 — fcTSC^A'^T' 

ONStfO F Fttte^ a.-r f ^ F T » 51 T' ^ i> o fg IB 5 ^ - gP « cD ii [p] t± , 

^OM^i:LT> o T t J; L, 1^ iSS T' ^ o T t J; i,^ o 

[ 0 0 5 8 ] 

* * as fi^iJiC *5 T , mfSBnlijv^' ^a^^iOti.^coiOCDffHaiS^fcJ^oT. 

C) H y 6 0 .i; o T ^ n /c (5 titaPWT -S. „ C (DS*ta5*t t± , ;^ 

{f , ^ ^ . R . X « R . ^ O ft K CO « -r § il t T # i. o . fij IB t y > ^ 

LT> ^ifgptts 0 J; o T5tif ^rnr v^5o c o 5^ gp *t , st^rz o±k:3tif ^nr 30 

l/>i)o HulBoIRlV-i'i^D^^l 0, BtjiBJg;'3t>'i>*6 0, HljlB3£Jtg|3«5 0Rt>'Bfl8BSW 

> a««ti:oT^»3©x<y^>^Sffi;S:<^fflLT 1 -=> <D & ^ ii^ ^ :il y ^ y ^ T ^ C t ti^ 
T' t S o T' . ^ n e. fc o IN T S Itt f § c: i: ^ S T' « 5 o 

[ 0 0 5 9 ] 

H<llB««(i. Mtc. ^«14TKUXltS4 0i:, 5j-yi^3>i:LTO3i«145rfl6]«S3 0 
t^m-r^o CtlP>T KlxX«ei4 0 i::t7'->3 > t (DMf^mm 3 0 tli. MIBSW 
2 Oi^tCJ^fi!c^n/cT7?<D7'F^X[HlSS.(@7j^H3--r) (cig;0!^nTt/^S„ BulBTFPXil 

Fb7.mE;&«^-r^o HulB;i-7'->3^cO?>flBl«<130t7Fi^X««s4 0i:«> tOIBa 40 

IB^Ot^v^eOfi, BulBSlDjv^^a^^l Oi:«fc[Hl$EX{i^nT. <l«e^x^-.;l/4^ 
i:LTOS7t:^^ffi«-ri.o BulBnJIIj-y'-r^'nlg^, tt[|B^-/->3>'tDWfS]«1i3 0Rt>* 
7FU'X«@(cS^LT«]E;f!j^*^;t)^c.TV^^i/>^ti. HtllBpJ»)-^'r^'Pg|5«ti> J-XTtOlfiW 

i;$4ai.» m[IBTFU'X«ff^TFUX««i;6>P.?>f[Rj«fiStCi'7FfSc:i:(cj;oT, W 
IfioJiftv-f^p^^ti, SJ^:^|p]tc|5iE()5-ii-Sil tA^T'^S. 
[ 0 0 6 0 ] 
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oT^gfi!^^n•§.H^Ile^o$^'L,^[5lOTfi(R]•r'l.^^c, mftti ^m^L . ^j^xiiaa-rso 
otc^^^n, t (o ^ m W) ^ u m ^ \ o ic^mt nrc i m^x-^^o cn 

e 7 U + :^ ;l/ n > i/* - 77 > HU IB 0 n > - 77 i: |Hl i; <RiJ $ ti , fte 77 o 7 b 

^ r ;Hi , {fe « 0 t: y i [B] i; fflij (c ? n . en 7 U ^ :7 1: >^ i^" 

[ 0 0 6 1 ] 

0 1 ct±, 2|s:flB^(C.i:'g)«E^?)^(D'>J3:l/V ^ Wj-^ ^ o m=f- m 3 MiMm ^ m L X 10 
\i yi^ 6 0 (DiXt> >D iZ — '::>(D ^6 5^^T^!itl,cS>^o c ti^m^^lt^ MI33t*$ 
fcIH]g|55 5rtfCfi[BL. flfilBoJl!) V'-r i'P^^Z 0 (O ^ (D mW]^ 'i^M 0 X (D mW} (D Pi- ^ nf 

[ 0 0 .6 2 ] 

m7t:tii,i. HoIBBjRx'-i'i'P^^i 0*^, Bt5IBtE3S:a56 0 tCc};-3T}Bfi)t^n?)Hil IB « lb W 

«5otcg^^$n, ^■£0ftei«gp;^)^HijtB5jffi)-7-r>7p^^i 0 ic^m-^ txfz L mvix h ^ . 

11 n ib y U ^ i/ r )V > 'J <0 - ^3 \,t . HijlB1g^g|5£0-77i:|BlL;iaUcjgi^^n> fti2 7707U 

^ -> r ;n: > i>"{± , fi]3 77 (Offi^gp ^ isi CiMfcigi^^ c n ib y ^ •:r ]V \^ y V lit . m 

[ 0 0 6 3 ] 

0 1 dfi. *%W(cJ:?)affiS5!)«ro'>^v^. ^ » n |S ^ <0 4 * S6 P ^ 0 b T V 

So com4^Sg^iJ^:0l-3^#B^LT|B«cLfcHij3il?cD3IS{B<?iJi:£D^^gil,';^(i. pllljvi' 
^ a ^ ^ 1 0 *^ '> ^ < i: t 1 O CD 7 F U X ^ H 4 0.;it)\' ^ 0 P) n fc S a 2 0 5^ L T 

Sii:^77ro)tc±T^»)-rsci:(csSo y v^yy )\^\iy 7 o tf'. msi'siW]-^ u m 
^1 0fcgEi^$h5i:tt>(c, 3t^gi5M5 0{Cc);oT3^^t?nTi/'>So mt^y yf )V 30 

ti>iy°7 0{i. «7f;:':^M«L. tulBSTKy'i'^a^^l o ti^ . tljHB^ffiZOfc^^fLT^S 

»6*j(cSiS77iRi{c±T^i!j-rs^{c, ^jKxtieft-rso c©iii5g^j{cfci.^T, mByu 
^yr;v\^yi^ 7 0 a, ^ (oi^^tD i ':>i)^mti^n^^ 5 0 ic^mz ^<Dgijto4Sgi5*^ 
BuiBBjidvY^'D^^i 0 iz^mtE tircmmB^x$>^o mmy u ^ y ^ y a , m 

y yii. Bij IB ol ifi V -Y D ^ ^ 1. 0 CD Srf Itt CO 1 -3 i: — L T t/> 5 o gij to * iSS fiRJ *5 1/> 
T. 'P fS: < t ^ ^ o — ti (D y \y ^ y ::r ]^ i;? 7 0 tl^ . Mti'^ a i 0 icmo 

it<'f^ri. cne)ti> c (dojw}-? ^ ■:7 1: i 0 (Dmcoidwm t — ^lz ^ „ 0idcD 
Mmmicisi^^r . MiB7'Fixx®<i4o«. BuiBoi»-=?-Y^'p^^] o^mKe^tcisic-y- 
-rxT'isicjg^^T'fes*^ c (DT u xnm<Dmvi t ^ . «tc, HijiS"ji!)-=?-r^^p 40 

^^^1 0i:S;&?)fe<Ofr5CttRl^T'feSo Si}|BTFUXlt®«, 1ti&co7FU' 

xiHS4 0(c57^SJ-rsci:tBlft6T-^i)o fficopJSivi'^'a^? (|wii;iii^cD) ^^^mHi 
micmn LtziiKmX' (oJRiv-y^'p^^i Oi:7'F^x«®4 0^£OP^tcSltt®?l:^;*'s^ 
v^**c^) , BjKjvi'i'P^^i o^T77tc>'7F-rs (ccogpi^(cafci,^<<gffl$ns 
ffift<0l/'4fctt) t:i:fcj:oT> «liWT}**^^fiSc^n§o 
[ 0 0 6 4 ] 

0 1 e{±. *fiW{cJ;S. Sffi55!)l|cO'>J5:^^, oI»)V'r'i'P^^co^5||)56sfi?iJ^0^bT 

v^So c:<Dm5ii)SECTtf}iBm4ii)ifgptcDtBa^^«, m9dy u^yzr junyi? 7 oa^l 

fKttT'fei?. cnP.:7U4^->r;l/g|3*^7 0©S[*^ 2Tti*<4T'fef?, Mfc, •?-n?)<o 
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[ 0 0 6 5 ] 
[ 0 0 6 6 ] 

[ 0 0 6 7 ] 

m 2 am \ 2 o it. t y h':^wm 4 0 i mancT y \y7.-r ?>xm^^vr\^^^o buIb 

m I miiHi. m 4^ w a t m mizMiiL t (D m <D a m <D m itc t ^ n t ^ . c ct. mm 

[ 0 0 6 8 ] 

C i: *^ T- # i. o 
[ 0 0 6 9 ] 

m4isi 40 mm'sjw}-^ ^ ^ om=?^ . -mmmr-it 1 0 m s ^ k> i>m < . wi(Dm 
mmr- it \ 0 II s ^ ^^m\^^ . a t + a t • icm n^^mm. mt^r y u x^iRmicmm-r ^ 20 

ti^V^ A t « . -y- y # CO SB H (D ffi StOfiV J:0»SL<.«, /^l 0ms JUT, «t>» 

1^ L < it \ 0 n s i-:iT (omicm^r ^ n tti^v ^ ^ o Atti, iim. At* j;otst/>*^ 

[ 0 0 7 0 ] 

wieB#raAt + At' wiBTFi^x^^^tc?. nfctt, Hi}KBj»>v-r^'p^^«> mmf^ 2 

[ 0 0 7 1 ] 

, mi^m^ 2 0 ±(DT^T (omf^mm 3 0 ici^^r li^ ^ o r^^-^, -eneti, miis^ 

^ Wl^«^i:wr«)V-Y^'P^^i:iDr^co«fflS(c^H,^cDT', oj K v ^ {1 (fil ^ 40 

■r-«TC057-(i, Hi}|Bm3«ifi*>e.Stf§5m4«ffi'\. ■r^t)^, WIEIfTFUXt^jH*^ 

^ IIK&^tc|S)i;^F^ (At+At' ) MieTKUX^^ft8(c$,»3. cnfcJ:oT, cn?>5 
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[ 0 0 7 2 ] 

iijv'ri'pm^i o«> T h' lyxnmti'imi&n&o V icT lyT.-^ ti^m-^ tm±nm.2 

0 V fcfCT HPX^fnS«^fccDii57atCfcl/>T, MnffJ IC M ic W ^ ^ C t fj: 

1 OV) l-XTT{i^KWtc|^iifS]«8gTfe^c:i:3b'iS/5?T^^= ^ W]^ ^ ^ o t T }^ 

u7.nmt(om<Dnmtm. huK^ •? t > e o (*i!jx.«}tsi) j; a'/xti 7 u-^ 

:^;l/tyi;'7 0<D«IMe*I«7c:^(cJ;-pTSftffl^^tt«o njKvf^n^^^cKfjftite. 

n fc c n p) ^ 0 t > i / X 37 u + i> :r 1 > CO i5? 7° ^ t!5 its D T , t k u 

[ 0 0 7 3 3 

cirA^TlrS, m^t^fi^tOitsntc. pIlftv-r^D^^tcS^t-smEE^^O^l^yl'htci^^h 

•9-*"sS5S^n\ nJKv-r ^ D^^ (i, EP ffi fc b5 12 1^ d IS] , «fiai^e5?lt*c«lfcM;5o COcfc 
■9{CLT, -r^^rOPlWjv^'^a^^^griilSj-rS'ri— •r-i'— •y-'l'^'yU^, 5-7 — «JE<D 

At+At' *Mov-r^D#(c$i^?4a?)^?)a\ msd.'^ i\y 7.m^ (Dmw.WLf)'^ \ 0 0 0 
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A method and b device for reducing hysteresis pr imprinting in a 
movable micro-element 



TECHNICAL ?ZELD 

The present invention relates in general to techniques for 
5 reducing hysteresis or inprinting effects in mechanical 
elements, and in particular to a movable inicro-el«nent and a 
method for addressing the same. 

DESCRIPTION OF THE BACKGROUHD ART 

Hysteresis or iinprinting of mirror deflection amplitude in 
10 Ss^tial Light Modulators (fiiiM} « which leads to a shift in a 

required address voltage for a preferred mirror deflection, is 
a problem since it reduces the accuracy of the mirror 
deflection. This shift depends on an amount of time that the 
mirror has been deflected, an anqilitude of the deflection and a 
IS time that the mirror has had to relax after said deflection. 
The time constants for these phenonieRB are in the region of 
minutes/hours making it- virtually impossible to predict end 
compensate the required address voltages for an arbitrary 
pattern in a mask %n:iter or a direct writer using a state of 
20 the art SIM technology. 

A problem with a compensation for the imprinting is that the 
mirrors in the SLH are loaded with data row by row, always from 
the same direction. This means that with all mirrors in a fully 

25 deflected state the first row pixels will have a very high 
duty-cycle while in the last row they will have a very low 
duty-cycle and the intermediate rows will have intermediate 
duty-cycles. It is therefore also impossible, or at least very 
difficult, to use a collectively addressable pixel counter 

30 electrode as a balance for the Inprinting effect unless the SIM 
is redesigned to load the data from the first and the last row 
every second time to average the duty-cycles. Kyen then the 
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iinprinting would scill be pattern dependent and it would be 
necessary to often calibrate the znirrors or leave the syetem 
idle for a period of time to let the mirrors in the SIM relax. 

5 Therefore, there is a need in the art for a method and an " 
apparatus with reduced iinprinting effect. 

SUMMARY OP THE INVENTION 

10 In view of the foregoing background, in the movable micro- 
elements and in the method for addressing individual movable 
micro- elements, such as for example mirror elements in a SLH, • it 
is critical to reduce the imprinting effect. 

15 Accordingly, it is an object of the present invention to provide 
an improved movable micro-element, which overcomes or at least 
reduces the abave-mantioned problem. 

In a first en-bodiment, the invention provides a movable micro- 
2C element with reduced imprinting effect or hysteresis effect 
arranged spaced apart from a surface coi^prising at least one 
electrode. At least one restoring element is connected to said 
movable micro-elonent . An address electrode is arranged on. said 
surface and capable to electrostatically attract said movable 
25 micro-element. Said address electrode is addressed to a first 
potential. Said movable micro -element is first set to a second 
potential defining a non addressed state and at a time period 
At before a predetermined pulsed signal is emitted said 
movable micro-element is switched from said second potential to 
30 a third potential defining an addressed statue. Said moveJsle 

micro-element being in said addressed state for a time period 
of Atf At' . 



rCT/SB02n0142 



(24) 



JP 2004-520618 A 2004. 7. 8 



WO 02MU371 FCT/SE0ZA)0142 

.3 

In another embodiment of the invention seid movable micro- 
element is switched back into said non addressed state after 
being in said addressed state by switching aaid third potential 
back to said to said second potential. 

5 

In another ernbodiment of the invention said movable micro- 
element is switched into an electrostatically unattracLed state 
after being in said addressed state. 

10 In another embodiment of the invention said predetermined 

pulsed signal is capable to clear out a potential difference 
between said address electrode and said movable micro-element 
and thereby xestoring said movable micro-element to said 
electrostatically unattracted state. 

15 

In another embodiment of the invention said predetermined 
signal is an electromagnetic radiation signal directed onto 
said movable micro-element. 

20 In another embodiment of the invention said predetermined 

signal is an electric signal which is capable to initiate a 
discharging of a capacitor connected to said address electrode 
and loaded with said first potential., 

25 In another embodiment of the invention said time, period Att-6t' 
is shorter. than 10ms. 

In another ernbodiment of the invention said time period At4-i^t' 
is shorter than lOfisi 

30 

In another embodiment of the invention a value of said second 
potential is essentially equal to half a maximum potential 
addressed to said address electrode defining an undeflected 
state , at both the maximum and a minimum potential addressed to 
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said address electrode and said third potential is esseDtially 
equal to the miniirmm potential addressed to said address 
electrode. 

5 In still another enibodiment of the invention said movable 

micro-element is supported along a mid- section by a pair of 
torsional hinges defining a torsional axis. 

In still another embodiment of the invention said movable 
10 micro-element is supported along its mid section by a pair of 

pivot elements defining a tilting iaxis and where said restoring 
element is at least one flexure hinge capable of restoring said 
movable micro -element in an undeflected state but at the same 
time permitting said movable micro- element to tilt around said 
15 tilting axis. 

in oLlll another embodiment, the invention further conprlsing at 
least one flexure hinge capable of restoring said movable 
micro-elemenc in a undeflected position but at the same Lime 
20 perrtitting said movable micro^element to rotate around said 
tilting axis. 

In still another enibodiment of the invention said movable 
micro-element is supported along one of its mid sections by a 
25 pair of flexure hinges capable of restoring said movable 

microelement to a relaxed state hut. at the same time permitting 
said movable micro-element to make an orthogonal movement with 
respiict to said surface comprising said at least one electrode. 

30 In still another embodiment of the invention said movable 

micro-element is supported along two of its mid sections by two 
pairs of flexure hinges capable of rescoring said movable 
microelement to a relaxed state but at the same time permitting 
said movable micro-element to make an orthogonal movement with 

3S respect to said surface conprising said at least one electrode. 
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In still anocher embodiment of the invention said flexure hinges 
are attached to the comers of a polygon. 

b In still another embodiment o£ the invention said flexure hinges 
are attached co the BideH of a polygon. 

In still another embodiment of the invention at least one of 
said flexure hinges and/or at lease one of said torsional axis 
10 is meander shaped. 

In still another embodiment of the invention said surface 
further comprising a counter electrode laterally spaced apart 
from said address electrode and where said address electrode 
15 and said counter electrode are capable to electrostatically 
attract said movable micro-element. 

In still another embodiment of the invention said predetermined 
pulsed signal is capable to clear out a potential difference 
20 between said address electrode and said counter electrode and 
thereby restoring said movable micro-element to said non 
addressed state. 

In still another embodiment of the invention said predetermined 
25 pulsed signal is capable to clear out a potential difference 
between said address electrode and said counter electrode and 
thereby restoring said movable micro-element to an 
eleccz-ostaticelly unattracted state. 

30 In still another embodiment of the invention said predetermined 
signal is electromagnetic radiation directed onto said movable 
element. 

In still another embodiment of the invention said predetermined 
35 signal is an electric signal capable of discharging'a capacitor 
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connected to said address electrode and loaded with said first 
potential . 

In still another embodiment of the invention said predetermined 
S pulsed signal is synchronised with said cime period At-^At' so 
that the time At' is essentially equal to the pulse length of 
said predetermined signal 

Itie invention relates also to a spatial light modulatior having 
10 a plurality of reflecting elements where said reflecting 

elements are movable micro-elements according to any one of the ■ 
embodiments as described. 

In another embodiment of the invention said reflecting el«nents 
15 are set to a potential via a common element pin. 

In still another embodiment of the invention savd counter 
electrodes are set to a potential via a comnon counter pin. 

20 In still another embodiment of the invention ail reflecting 
elements are in an addressed state for essentially the same 
period of time. 

The invention relates also to an apparatus for patterning a 
25 workpiece arranged at an image plane and sensitive to 
electromagnetic radiation. 

In a first embodiment, the invention provides a source emitting 
electromagnetic radiation directed onto an object plane. A 
30 corrputer controlled reticle con^rising a plurality of 

reflecting movable micro-elements, adapted to receive said 
electromagnetic radiation at said objecr: plane and to relay 
said electromagnetic radiation toward said work piece arranged 
said ionage plane, where said computer controlled reticle 



(28) 



JP 2004-520618 A 2004. 7. 8 



WO 02/D63371 PCT/SE02/00142 

7 

comprising a plurality of reflecting micro- elements 
characterized in that said reflecting micro- elements are 
movable micro -elements according to any one of the embodiments 
as described. 

S 

The invention relates also to a method of reducing an 
inprinting effect of a movable micro-element arreunged spaced 
apart from a surface, where said surface congprises at least one 
electrode . 

10 

in a first embodiment, the invention comprising the actions of: 
setting said movable micro-element to a second 
potential defining a non addressed state, 

- addressina an address electrode to a first potential. 
15 where address electrode is arranged on said surface 

and capable to electrostatically attract said movable 
micro-element, 

- switching said movable micro- element from said third 
potential to a fourth potential, defining an addressed 

20 state, at a time Ac before a predetermined pulsed 

signal iB emitted. 
• keepeing said, movable micro- element in said addressed 
state for a time period of At+Af . 

25 In another embodiment, the invention fuz-ther comprising the 
action of: 

- switching said movable micro^element from said third 
potential back to said second potential thereby 
returning to said non addressed state, 

30 

In another embodiment, the invention further comprising the 
action of: 

switching said movable micro- element into an electrostatically 
unattracted state after being in said addressed state. 
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In another ernbodiment . the invention further comprising the 
action of: 

- clearing out a potential difference between said address 
5 electrode and said movable micro-element by means of said 

predetermined ptilised signal and thereby restoring said movable 
micro-element to said electrostatically unattracted state. 

In another embodiment of the invention said predetermined 
10 signal is an electromagnetic radiation signal directed onto 
said movable micro -element. 

In another embodiment of the invention said predetermined 
signal is an electric signal capable to initiate a discharging 
15 of a capacitor connected to said address electrode and loaded 
with said first .potential . 

In another embodiment -of the invention said time period At+At* 
is shorter than 10 ms . 

20 

In another embodiment of the invention said time period At-»At' 
is shorter than 10 |ts. 

In another embodiment of the invention said second potential is 
25 essentially equal to half a maximum potential addressed to said 
address electrode defining an undeflected state at both the 
maximum and a minimum potential addressed to said address 
electrode and said third potential is essentially e<iuai to said 
minimum potential addressed to said address electrode. 

30 

In still another embodiment, the invention further comprising 
the action o£: 

- supporting said movable micro-element along a mid section by 
a pair of torsional hinges defining a torsional axis. 
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In still another embodiment, the invention further compriBing 
Che action of: 

> supporting said movable micro-eleroent along its mid section 
5 by a pair of pivot elements defining a tilting axie and where 

said restoring element is at laast one flexure hinge capable of 
restoring eaid movable micro-element in an undeflected state 
but at the same time permitting said movable micro- element to 
rotate around said tilting axis. 

10 

In still emother conbodiment, the invention fiurther conprising 
the action of: 

• restoring said movable micro-clement with at least one 
flexure hinge. 

15 

In still another erdsodiment. the invention further comprising 
the action of: 

- supporting said movable micro-element along one of its mid 
sections by a pair of flexure hinges which are capable of 

20 restoring said movable micro-element to a relaxed state but at 
the same time permitting said movable micro-element to make an 
orthogonal movement with respect to said surface conqsrising 
said at least one. electrode. 

25 In still another embodiment, the invention further ccnnprising 
the action of: 

- supporting said movable micro-element along two mid sections 
by a pair of flexure hinges capable of restoring said movable 
micro-element to a relaxed state but at the same time 

30 permitting said movable micro-element to make an orthogonal 

movement with respect to said surface conprising said at least 
one electrode. 

in another embodiment of the invention said flexure hinges are 
attached to the corners 'of a polygon. 

35 
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In another embodiment; of the invention said flexure hinges are 
Attached to Che sides of a polygon. 

In still another embodiment, the invention further coniprising 
5 the action of : 

- where at least one of said flexure hinges and/or at least one 
of eaid torsional axis is meander shaped. 

In another erribodiment of the invention said movable micro- 
' 10 element is a movable micro-element according to any one of the 
embodiments as described. 

In still another embodiment, the invention further comprising 
the action of: 

15 " - synchronizing said predetermined pulaed signal with said time 
period At+iSkt' so that the time At' is essentially equal to the 
pulse length of said predetermined signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

For a more coirgplete understanding of the present invention, and 
the advantages thereof, reference is now made to the following 
description taken in conjunction with the accorr^anying drawings, 
'in which: 

2S 

FIG. la shows a first embodiment of a movable micro-elenent with 
reduced imprinting effect according to the 'invention. 

FIG. lb shows a second embodiment of a movable micro-element 
30 with reduced inqprinting effect accordiing to the invention. 

PIG. Ic shows a third embodiment of a movable micro-element with 
reduced imprinting effect according to the invention. 
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FIG. Id showE a fourth embodiinent of a movable micro-eleotent 
with reduced imprinting effect according to the invention. 

FIG. le shows a fifth embodiment of a movable micro- element with 
S reduced imprinting effect according to the invention. 

FTG. 2 shows a schematic flow diagram o£ the method of reducing 
an inprinting effect according to the Invention. 

10 FIO. 3 shows a schematic diagram of the deflection as a function 
of potential difference between an address electrode and a 
movable micro- el ement . 

FIG. 4 shows an optical system for patterning a substrate coated 
15 with a layer of electromagnetic radiation sensitive material. 

FIG. 5 illustrates the arranganent of SIM ntanps on the 
workpiece. 

20 DETAILED DESCRIPTION OF THE PREPFBRED EM300IHENTS 

Figure la shows a first embodiment of a movable micro-element, 
for exairple a micro mechanical element, with reduced imprinting 
effect according to the invention. Said movable micro-element 

25 may for example be a mirror in a Spatial Light Modulator (SU4) . 
Said mirror may be operated in an analog mode to selectively 
steer the degree of deflection of said mirror element being a 
function of an electrical input or digital mode representing an 
ON and OFF state of the mirror element defined by maximum 

30 deflection and non deflection. The deflection of the mirror 

element may be generally linear or nonlinear, as a function of 
the input signal, depending on how said mirror (movable micro- 
element) is being mechanically affected. 
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In this embodimenc Che movable micro -element 10 is a generally 
rectangular reflective element supported along one its mid 
sections by a pair of torsion hinges 60. The reflective element 
may have any form for example polygonal, circular or elliptical. 
5 Said hinges define a torsional axis there along. Said torsion 
hinges, extends from the movable micro- element 10 and is 
supported by a support element 50. The support element is 
supported upon a substrate 20. The movable micro^element 10, the 
torsion hinge 60. the support element 50 and the substrate may 
10 be of the same material for example silicon or aluminum and they 
may be etched out of one substrate using well- known etching 
techni<zue8 for a person skilled in the art and therefore does 
not need to be further described. 

15 The substrate also coR^riees an electrically conducting address 
electrode 40 and an optional electrically conducting counter 
electrode 30. The address electrode 40 and the optional counter 
electrode 30 are connected to underlining address circuitry 
fabricated within the substrate 20 (not shown) . -The address 

7.0 electrodes are connected to capacitors, which store the address 
voltage addressed to said electrode. The c^tional counter 
. electrode 30 and the address electrode 40 are laterally spaced 
apart on said surface 20 and capea>le to electrostatically 
attract said movable micro-element 10. The torsion hinge 60, 

25 rotate or twist with the movable micro-element 10 and provide 
restoring force in the form of mechanical energy. When no 
voltage is at^lied on the movable micro-element, the optional 
counter electrode 30 and the addressing electrode the movable 
micro-element is said to be in a normal flat or undeflected 

30 position which herein below will be referred to as an 

electrically unattracted state. By shifting the address voltage 
from said address electrode to the counter electrode said 
movable micro-elememt can by rotated in an opposite direction. 
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Figrure lb shows a second embodiment of a movable micro-elemenc 
wit^ reduced inprinting effect according to the invention. This 
second embodintent coovrises in addition to the first enibodiment 
two flexible hinges 70 connected to the movable ndcro- element 10 
5 and supported by a support elements 50. Said ' flexible hinges 70 
also provide restoring forces, and deform or flex, when the 
movable micro-element 10 deflects about the torsional axis 
defined by the torsion hinges 60. In this eihbodiment the 
flexible hinges 70 are L>shaped with one o£ its ends connected 

10 to the support elements 50 and another end connected to the 
movable micro-element 10. One of the flexible hinges is 
connected at the same side as one o£ the torsional hinges and 
the other flexible hinge is connected at. the same side as the 
other torsion hinge and the flexible hinges are diagonally 

IS spaced apart on the movable micro-element. 

Figure Ic shows a third enibodiment of a movable micro-element 
with reduced in^irinting effect according to the invention. This 
embodiment differs from the second embodiment in that the 

20 movable micro-element 10 comprises two' pivots 65 instead of said 
torsion hinges 60. The pivots are supported by said support 
elements 50. Said pivots are lying in a recess 55 formed on top 
of said support 50 and ad£^ted to the size of the pivot 65 in 
order to allow said movable micro-element 20 only to tilt around 

25 its tilting axis and not to move out sideways of its position. 

Restoring forces are provided by flexible hinges 70 which deform 
or flex v^en the movable micro-element 10 deflects about the 
tilting axis defined by the pivots 60. In this enibodiment the 

30 flexible hinges 70 are L-shaped with one of its ends connected, 
to support elements 50 and another end connected to ttie movable 
micro-element 10. One of t.he flexible hinges is connected at the 
same side as one of the pivots and the other flexible hinge is 
connected at the sane side as the other pivots and the flexible 

35 hinges are diagonally spaced apart on the movable micro-element. 
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Figure Id shows a fourth eihbodlinent of a movable micro -element - 
with reduced imprinting effect according to the invention. This 
fourth embodiment differs from the previous embodiments as 
5 described in connection nirith flgrures 1-3 in that a movable 

micro-element - 10 moves up and dovm in a direction perpendicular 
to a surface 20 on which at least one address electrode 40 is 
attached. Flexible hinges 70 are connected to the movable micro- 
element 10 and supported by sujpport elements 50. Said flexible 

10 ' hinges 70 provide restoring forces, and deform or flex, when the 
movable micro-element 10 moves up and down in a direction 
essentially orthogonal to the surface 20. In this embodiment the ' 
flexible hinges 70 are rectangular with one of its ends 
connected to the support elements 50 and another end connected 

15 to the movable micro-element 10. The flexible hinges are 
attached to the rectangular movable micro-el«nent on two 
opposite Bides. Preferably said hinges coincide with one of the 
syiranetry axis of said movable micro-element 10. In another 
embodiment at least another pair of flexible hinges 70 arn 

20 attached to said movable micro-element 10 which coincide with 
another syiranetry axis of said movable micro-element 10. In the 
embodiment in figure Id the address electrode 40 is essentially 
of the same size and shape as the movable micro-element 10,- 
alternatively both the shape and size of said address electrode 

25 -40 may be different to said movable micro- e.lement 10. Said 

address electrode may also be split into a plurality of address 
electrodes 40. Destructive interference is achieved by shifting 
a movable micro-element 10 downwards (for one cjuarter of the 
wavelength used to impinge on said element) while another 

30 movable micro-element (in the same pixel) remains in a relaxed 
position (no electrostatically attraction force between the 
movable micro-element 10 and t.he address electrode 40) . 

Figure le sh^ws a fifth embodiment of a movable micro-element 
35 with reduced imprinting effect according to the invention. This 
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fourth einbodimenc differs from the fourth embodiment in that the 
flexible hinges 70 are L-shaped, the number of flexible elements 
70 is four instead of two and in that each pair of them 
coincides essentially with a diagonal sytrmetry axis. ■ 

5 

Figure 2 shows a schematic flow diagram of the method of 
reducing an iirprinting effect according to the invention. 

10 A first action 110 represents setting said movable micro- element 
10 to a second potential. Said second potential may for example 
be a potential which is half the value of a maximum potential 
addressed to the address electrode. The third potential defining 
a non addressed state. 

IS 

A second action 120 represents addressing an address electrode, 
40 to a first potential. Said first potential may be any value 
between a minimum potential ^md the maximum potential, where 
said minimiun potential may a ground potential and said maximum 
20 potential may for exan^ple be 20 V. Said address electrode 40 is 
arranged on the surface 20 and capable to electrostatically 
attract said movable micro-element 10. 

A third action 130 represents switching said moveUble micro^ 
25 element from said second potential to a third potential, which 
defines an addressed state, fhe switching to said third 
potential takes place a time At before a predetermined pulsed 
signal is emitted. I^e third potential may for example, be 
ground . 

30 

A fourth action 140 represents keeping the movable micro-elexnent 
in said addressed state for a time period equal to At-t-At ' , which 
in one embodiment is shorter than lOma and in another embodiment 
shorter than 10|is. At* nay for -instance correspond to the time 
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period £or discharging a capacitor which will be a £ew m.s or 
shorcer depending of the type and size o£ the capacitor. At can 
be set at any value in a sub second range, more preferably « 

approximately below lOma, and most preferably below lOfie . At is 
5 typically longer than At' but the reverse may be applicable. The 
predetermined signal may for instance be a beam of a pulsed 
electromagnetical radiation such as for exanple a pulsed laser. 
At' is in one embodiment synchronized with the pulse length of 
the pulsed signal. 

10 

After being in said addressed state for the time period of 
At+At' the movable microelement is either switched back to the 
second potential or switched to on electrostatically unattracted 
state. 

15 

A Spatial Light Modulator may con^jrise a plurality of mirrors 
which may be of the type of movable micro-elements arranged in a 
one-dimensional row or a two dimensional array. In said SLM may 
all movable micro-element . i.e. mirror surfaces, be connected 

20 together to one volbage plane and it is possible to address chis 
plane at one of the input pins, a so-called element pin. The 
same applies for all counter electrodes 30 on said substrate 20. 
i.e. th^ are jointly addressable using a so-called counter pin. 
When the counter electrode 3C is kept at the ground potential, 

25 the address electrode is addressed to ground potential and the 
movable micro- element is set either to the third or foiirth 
potential the movable micro-element is not deflected since the 
potential difference between the address electrode and the 
movable micro-element is equal to the potential difference 

30 between the counter electrode and the movable micro-elentent . 

Depending on the thickness there may however be a small bending 
downwards in both edges of the movable micro-element. Said 
bending will increase with increased voltage applied on said 
movable micro-element for a constant thickness of the movable 
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micro -element . All mirrors in the SLM are switched esBentially 
at the same time from said third potential to said fourth 
potential « i.e. from said 7u>n addressed state to said addressed 
state. All mirrors in the SLM are also in said addressed state 
5 essentially the same period of time (At-f-Af) therek>y eliminating 
or at least reducing the imprinting effect of the mirror 
elements. The shorter the time period the mirror elements are in 
the addressed state the leas the mirror elements will be 
affected by the hysteresis effect (imprinting effect), i.e. a 

10 shorter duty-cycle, defined as the percentage of time the mirror 
elements are in an addressed state, will result in less affected 
mirror elements by said hysteresis effect. The mirror elements 
aire not only in said addressed state for a short time but each 
and every mirror element are in said addressed state essentially 

15 the same time period namely dt+At'. 

Tf the movable micro -element is set at 10 V and the counter 
electrode is kept at ground potential the movable micro-element 
10 will remain eesentially undef lerted both for the case that 

20 the address electrode is addressed to the minimum voltage 0 V 
and maximum voltage 20 V. This can be understood by realizing 
that the sign of the voltage is of no importance for the 
electrostatic force, it is always attractive. An example of the 
deflection as a function of the potential difference .between the ' 

25 address electrode and the movable micro -element, is shown in 

figiire 3. In figure 3 the movable element is at zero potential 
and the potential on the address electrode is varying while 
measuring the degree of deflection' alternative up and down 
movement. In this figure one can see that the movable micro- 

30 element is essentially undeflected below a certain potential 

difference, in this case 10 V. The' electrostatic force between 
the movable micro- element and the address electrode is 
counteracted by the mechanical restoring force in the torsional 
hinge (s) 60 and/ or the flexible hinge 70. Depending on the type 
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and nuBiber of torsional hinges and/or flexible hinges attached 
to the movable micro'element said deflection as a function of 
the potential difference between the address electrode and the 
movable micro- element may change. 

5 

Tills means that it is possible to address all pixels, i.e. 
rotating elBmRnts, without essentially deflecting the 
corresponding rotating element usiiig 10 V on the rotating 
elements. When the voltage on the movable micro-elements is 

10 shifted to 0 V just before a predetermined signal, which may for 
exasiple be said electromagnetic radiation signal directed onto 
said movable micro- element, then all movable micro-elements will 
take the desired deflection simultaneously. When the 
electromagnetic radiation inciinges on the movable micrn^Rlement 

15 all capacitors connected to the address electrodes on the 

substrate will be discharged and the movable micro-elementfi will 
immediately return to the undef lected and electrostatically 
unattracted state. In this way the duty-cycle for deflecting any 
movable micro-element can be kept very small depending on the 

20 Bwitch time of the mirror voltage. If At*At' is kept at 10 

microseconds, then the duty-cycle for fully deflected state will 
be 1% if a frequency of the pulsed signal is 1000 Hz. 

When the address electrode is addressed to the maxlcnum or 
25 minimum {ground) potential and the movable micro-element is sot 
to half the value of the maximan potential and the counter 
electrode is kept at ground potential the movable microrelement 
is undef lected and unaddressed. For each value between said 
maximum and minimum potential said movable micro-element will be 
30 deflected and unaddressed. The worst case is an addresE voltage 
being half the value of the maximum value. In this case there is 
no force between the address electrode and the movable micro- 
element since they are both at 10 V. The counter electrode is 
Chen pulling the movable micro- element down with a force 
'35 corresponding to 10 V. This deflecLion j.s fortunately however 
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relatively small due to the non* linear behavior o£ Che movable 
micro- elemenc as can be seen tram figure 3. 

Figure 4 shows an einbodiinent of an apparatus 130 for patterning 
5 a work piece 60 coated with a layer of an electromagnetical 
radiation sensitiva material. Said apparatus 100 conprises a 
source 11 for emitting electromagnetic radiation, a first lens 
arrangement 50. a cotqputer controlled reticle 30. a second lens 
arrangement 20. a spatial filter 70, a third lens arrangement 40 
10 and a work piece 60. 

Ifie source 11 may emit radiation in the range of wavelengths 
from infrared <IR). .w^ch is defined as 760 ran up to about 20 
fjm, to extreme ultraviolet (EUV) , which in this application is. 

15 defined as the range from lOOnm and down as far as the radiation 
is possible to be treated as electromagnetic radiation.- The 
source 11 emits radiation either pulsed or continuously. T^e 
emitted radiation £xom the continuous radiation source 11 can be 
formed into a pulsed radiation by means of a shutter located in 

20 the radiation path between said radiation source 11 and said 

computer controlled reticle 30. As an example can the radiation 
source 11 be a KrF excimer laser with a pulsed output at 248 nm, 
a pulse length of approximately 10 ns and a repetition rate of 
1000 Hz. The repetition rate may be below or above 1000 Hz. 

25 The second lens arrangement 20 may be a single lens or an 

asseiobly of lenses. The second lens arrangement ?.0 distributes 
the radiation emitted f rran the radiation source 11 uniformly . ■ 
over a surface of the computer controlled reticle 30. 

30 The second lens arrangement 20 may have its exit pupil at 

infinity^ which means that central axis of cones of radiation 
are parallel. Said object plane coincides with the position of 
the computer-controlled reticle 30 and in this embodiment said 
central axis of cones of radiation are parallel in said object 

35 plane. The con^ter- control led reticle 30 may be a Spatial Light 
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Modulator {SIM) . In this embodiment the SLM compriBes all 

information at a single moment that is required to pattern the 
whole worlqpiece 60. 

5 Spatial light modulators 30 may be based on reflection or 

transmission. In the embodiment as shown in figure 1 the SLM is 
a reflective SLM. Reflective Spatial Light modulators come in 
two varieties, the deflection type and the phase type. The 
differences between Lhem may in a patLiuular case witJi 

10 micromirrors seem small, .but the phase SIM extinguishes the beam 
in the specular direction by destructive interference, while a 
pixel in a deflection SUl deflects the specular beam 
geometrically to one side so that it misses the aperture of the 
imaging lens. Typically, the micromirrors in a deflection SLM 

15 move more out of a flat position defined by the surface of a 
relaxed SU9« where the surface of the micromirrors is flat, 
conjured to the micromirrors in a phase SLM. For ultra precise 
patterning as performed in the current invention the phase SLM 
is superior to the deflecting type.. 

20 

First, it has batter contrast since all parts of the surface, 
also hinges and support posts, take part in the destructive 
interference and total extinction can be achieved. 

25 Second, a system that works by deflecting the radiation to the 
side is difficult to make Byrnnecr i c around an optical axis at 
intermediate deflection angles, creating a risk of feature 
instability when focus is changed. The i^se SLH can be built 
with micro machined mirrors, so called micromirrors, or with a 

30 continuous mirror surface on a supporting substrate, where said 
mirror surface is possible to deform by using an electronic 
signal . 

For exaiqpla, said continuous mirror may use a visco elastic 
35 layer controlled by an electrostatic field, but it is equally 
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possible, especially for very., short wavelengths where 
deformations of the order of a few nanometers are sufficient, to . 
use a piezoelectric solid disk that is deformed ijy electric 
field or another electrically, magnetically or thermally 
5 controlled reflecting surface. For the remainder of this 

application an electros catically controlled micro-mirror matrix 
(one- or two dimensional) is assumed* although other ... 
arrangements as described above are possible, such as 
transmissive or reflective SU4s relying on LCD crystals or 
10 electro optical materials as their modulation mechanism, or 

micro-mRchanlcal SIMb using piezoelectric or electrostrictive 
actuation. 

The SLM is a programmable device that, produces an output 
IS radiation beam that is modulated by separate inputs from a 

con^uter. The SLM simulates the function of a mask through the 
generation of bright and dark pixels in response to computer fed 
data. For example the phase SLM is an array of etched aolid- 
state mirrors.^ Bach micro-tnirror element is suspended above a 
20 silicon substrate by torsion hinges, which may be supported 
either by separate support posts or by the adjacent mirrors. 
Beneath the micro-mirror element are address electrodes. One 
micro-mirror represents one pixel in the object plane. The pixel 
in the image plane is here defined as to have the same geometry 
25 as the micro-mirror but the size may be different due to the 
optics, i.e. larger or smaller depending on if the optics is 
magnifying or de-magnifying. 

The micro-mirror and the address electrodes act as a capacitor 
30 so that a voltage applied to the address electrode, with respect 
to a voltage to the micro-mirror, will twist the torsion hinges 
suspending the micro-mirror which in turn allow the micro-mirror 
to rotate, thereby creating a phase difference. Depending on the 
voltage applied the rotation of the micro-mirror may take any 
35 state between flat to fully rotated position. A fully rotated 
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micro mirror having an essenLially square surface with its oides 
approximately 16fim long is typically SmRad. More generally the 
fully rotated micro-mirror will rotate one quarter of the 
wavelength used, measured at the edges parallel to the rotation 
5 axis or with micromirrors with orthogonal movement with respect 
to the sur£ace the difference between max and min state is one 
quarter of the wavelength used, measured parallisl with a surface 
of said micro-mirror. 

10 A projection system 60 coi^prises in thia embodiment the third 
lens arrangement 40. a spatial filter 70 and the first lens 
arrangement 50. The third lens arrangement 40 and the spatial 
filter 70 forms together what is generally called a Fourier- 
filter. 

15 

The spatial filter 70 is in this embodiment an aperture in a 
plate. Said aperture being sized and positioned so as to block 
out essentially every diffraction order which is diffracted into 
the first and higher diffraction orders, for example said 

20 aperture may be located at the focal distance from the third 
lens arrangement 40. The reflected radiation is collected by 
said third lens arrangement 40 in the focal plane, which acts at 
the sane time as a pupil plane of the first lens arrangement SO. 
The aperture cuts out the light from'' the first and higher 

25 diffraction orders of the addressed micromirrors in the SU4, 

while the radiation from the non-addressed mirror surfaces can 
pass the aperture. The result is intensity modulated aerial 
image on the %K>rk piece 60 as in conventional 1 1 t^hography . For 
an optimum image contrast the diffraction pattern of an SU4 .with 

30 all pixels deflected should only contain light in the first and 
higher diffraction orders without any radiation in the zeroth 
order . 

The first lens arrangement 50 has in this embodiment its exit 
35 pupil at infinity, i.e. central axis of cones of radiation in a 
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image plane defined by the position of the work piece 60 are 
parallel. 

The work piece 60 may be a substrate with a photosensitive 
5 surface, such as a photo mask for semiconductor devices and 

display panels. It may also be semi-conducting wafer coated with 
a photosensitive layer. Since -the present invention not only 
have applications in direct patterning of semiconductor device 
patterns, display panels, integrated optical devices and 

10 electronic interconnect structures, it can also have 

' applications to other types oC patterning such as security 

patterning. The tern patterning should be understood in a broad 
sense, meaning exposure of photo resist and photographic 
enuilsion. but also the action of radiation on other radiation 

IS sensitive media such as dry process paper, by ablation or 

cheatical processes activated by radiation or heat. The present 
invention may also find application in wafer repairing, wherein 
a processed wafer is reprocesRed with the radiation beam. 

20 The work piece 60 may also rest on a moving stage, which moves 

at a constant velocity. The electromagnetic radiation is in said 
case a pulsed electromagnetic source 11 where each pulse that 
' illuminates the con^ter controlled reticle 30 and is imaged 
onto the work piece 60 will illuminate a different part of the 

25 work piece 60- The computer-controlled reticle 30 which for 
example may be a SLM operates so that the entire array of 
micromirrors can be reconfigured for each pulse to form the 
correct image on the %rork piece 60. 

30 At first, binary patzem from a CAD layout is transformed into a 
data set of SIM data. The data is transferred to the SZiK. where 
the khiilt in control electronics causes a number of micromirrors 
to change position. Thereby, the non-deflected pixels represent 
bright regions on the work piece. Every cone of radiation in a 

3b specific image pixel as defined previously in said image plane 
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corresponds to a specific object pixel in said computer 
controlled reticle- 30, which Cor example may be a single 
micronu.rror . Each micromirror may be of the type of movable 
micro- element as described hereinabove. 

5 

A pattern on a work piece 60 is created by a nuaiber of SIM 
BtainpB. Said Rtampti may be partially overlapping each orjiur. 
Said 6tait«>8 may be grouped together In etrips, where rnich strip 
coinprises at leaet two scanps and covers the full length o£ a 
10 mask sxibstrate or a portion of it. Said scanfjs in a strip are 
arranged in a one-dimensional line, for exan^le a row or a 
column of stamps. 

Figure 5 illustrates an example of how SLK stands 150 are 

15 arranged on a workpiece 60. In said figure the workpiece 60 is 
covered by 8 lines 11, 12, 13< 14, 15, 16, 17, 18 and 8 colunns 
cl, c2, c3, c4, c5,.c6. c7, c8 of SLM stamps 150. Tn reality a 
workpiece is coveretd with several thousands of -SLM stands but 
for reason of clarity only an 8x6 pattern is illustrated. An 

20 individual stamp ccMrprises a large number of pixels, typically 
in the order o£ million pixels. A strip may be. a complete line 
11, 12, 13, 14, 15, 16. 17, 18 or a portion of such a line. A 
support structure, which carries the workpiece. in moving along 
a direction of a strip, for example along a line 11, 12, 13. 14, 

25 15, 16, 17, 18 while the radiation source flashes radiation onto 
the SIM for imaging the pattern thereon to the workpiece. After 
having finished a strip, the support structure is moved in a 
direction essentially perpendicular to the direction of a strip 
and a distance essentially equal to a size of a stamp in said 

30 direction. 

Infirinting is a cumulative material effect. %^ich manifest 
itself by a gradually increased change of the actuator/pixel 
position when all parametsra are kept constant in the deflected 
35 state. It further manifests itself by more or less curing out 
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when the actuator is left in the non-deflected state for a 
sufficient amotint of time. Both building up inv>rinting and 
curing out inq^rinting are non- linear effects. I^e position at a 
given time thus dep«ids not only on the electrostatic force the 
S actuator is experiencing at that time, but also on the history 
of deflection of this particular actuator. Therefore* the 
response of the actuator becomes- inaccurate after a given period 
of time, i.e.^the placement accuracy of features on the mask in 
the lithography process is reduced. 

10 

In another enibodimenc according to the invention said ii^printing 
is completely or at least substantially reduced. 

During the time period of processing a conf>lete pattern on a 
15 trorkpiece. there may be time intervals, which are longer than 
the time betvreen two laser flashes, when no pattern is 
generated. During the return stroke, which is the time it takes 
for the support structure to move from an end of a finished 
strip to a beginning of another strip, the laser does not 
2 0 illuminate the ST>i. During the return stroke the pattern on the 
SIM is not affecting the final pattern on the mask, zt is 
therefore possible to operate the StM in any way desired to 
reduce or neutralize the cumulative iiqprinting effect from 
stripe to stripe during the time of a return stroke. 

25 

When printing a specific pattern on a work piece the time of 
deflection and the degree of deflection for each individual 
pixel may be monitored during each strip. Counteraction of 
imprinting during for example the return stroke can be achieved 
30 by shifting each actuator in a reversed or negative state, rmis 
may be done using atrplitude and address time, or a set of 
amplitudes and address times, individually for each. actuator in 
the SLK, which exactly inhibits the ioprinting induced during 
the previous strip (s) exposure <s) . 

35 
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Tt IB further possible to use a feed back systcnn in which the 
momentaneous imprinting induced for each actuator is monitored 
and thereafter cancelled. This can be done using an in-eyscem 
camera based monitor system, where the contrast from each 
5 actuator is measured when all actuators are addressed to an 

identical amplitude. The measurements should be done inanediately 
after each strip using a collective address position for the 
actuators where the- contrast derivative is highest possible in 
the mask writer , system. I^e information from this measurement 
10 can then be used to fine tune the asiplitude and address time for 
the imprinting counteraction addressing during the rest of the 
return stroke. 

Instead of using the return stroke as the time period for 
15 reducing or canceling the imprinting effects, said cancellation 
or reduction method may be performed at any time in t'ne 
processing of a coiiv>lete pattern. For instance^ the imaging 
procedure may be stopped at any given time when a particular 
actuator has been in the addressed state for a given time 
20 period, where the amount of deflection may. or may not be taken 
into account . 

Ute cancellation of imprinting may be performed in more than one 
step. After having counteracted the individual actuators for a 

25 given time interval, either calculated from information about 

deflecting time and degree of deflection or from a picture taken 
by a CCD camera for example, a further fine tuning may be 
performed out of a picture taken o£ the imprinting cancelled 
SLH. Bvery SLM pixel is set to a given state, and the degree of 

30 difference from said state give rise to a further fine. 

adjustment of said actuator or cosrpensation in an addressing 
function for the Individual pixels. 
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ThuB, although there has been disclosed to. this point 
particular embodiments of the apparatus for patterning a work 
piece, it is not intended that such specific references be 
considered as limitations upon the scope of this invention 
5 except in-BO-far as set forth in the following claims. 

Purthermorei having described the invention in connection with 
certain specific eanbodiments thereof, it is to be understood 
that further modifications may suggest themselves to- those 
skilled in the art, iz is intended to cover all such 
10 modifications as fall within the scope of the appended cloims. 
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CLAIMS 

1. A movable micro -element UO) with reduced imprinting effect 
arranged spaced apart from a surface (20) comprising at 

5 least one electrode, at least ono restoring element (60, 70) 

is connected to said movable raicro-elonent (10) , an address 
electrode (40) is arranged on said surface (20) and capable 
to electrostatically attract said movable micro- a lament (10) 
and where said address electrode (40) is addressed to a 

10 first potential, ebaraetarlzed in tibat said movable micro- 

element (10) is firs^ set to a second potential defining a 
non addressed state and at a time period At before a 
predetermined pulsed signal is emitted onto said movable 
micro-element (10) is switched frcmt said second potential to 

15 a third potential defining an addressed state, where said 

movable micro- element (10) is kept in said addressed state 
Cor a time period of At-t^At' . 

2. The movable micro-element (10) according to claim 1. wherein 
Baid movable micro -element (10) is Bwitched bac)c Into said 

20 non flridressed state after being in said addressed state by 

swicching said third potential back to said second 
potcntia 1 . 

3. The movable micro-element (10) according to claim 1, wherein 
said movable micro-element (10) is switched into an 

25 electrostatically unattracted state after being in said 

second potential . 

4. The movable micro- element (10) according to claim 3. wherein 
said predetermined pulsed signal is capable to clear out a 
potential difference between said address electrode (40) and 

30 said movable micro- element (10) and thereby restoring said 

movable micro-element (10) to said electrostatically 
unattracted state . 
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5. the movable micro-element (10) according to claim 1 or 4< 
wherein said predetermined pulsed Bignal ie electromagnetic 
radiation directed onto said movable micro-element 410). 

6. The movable micro-element (10) according to claim 1 or 4, 
wherein said predetermined pulsed signal is an electric 
signal capAble to initiate a discharging of a capacitor 
connected to said address electrode (40) and loaded with 
said first potential. 

7. The movable micro-element (10) according to any one of the 
preceding claims, wherein said time period &t+At' is shorter 
than lOms. 

6. The movable micro-element (10) according to any one of claim 
1-6, wherein said time period Att^At' is shorter than 10^s. 

9. ^e movable micro-element {10} according to claim 1, wherein 
a value of said second potential is essentially equal to 
half a tnaximun potential addressed to said address el.cctrode 
(40) defining an undeflected state at both the maxiimm and a 
minimum potential addressed to said address electrode (40) 
and said third potential is essentially equal to said 
minimum potential addressed to said address electrode (40) . 

10. The movable micro-element (10) according to any one of 
claim 1-9, wherein said movable micro-element (IC) is 
supported along a mid section by a pair of torsion hinges 
(60) defining a torsional axis. 

11. The movable micro-element (10) according to any one of 
claim 1-9. wherein said movable micro-element (10) is 
supported along a mid section t>y a pair of pivot elements 
(65 > defining a tilting axis and where said restoring 
element is at least one flexure hinge (70) capable of 
restoring said movable micro-element (10) in an undeflected 
state but at the same time permitting said movable micro- 
element (10) to tilt around said tilting axis. 

12. The movable micro-element according to claim 10, further 
comptrising at least one flexure hinge capable of restoring 
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said movable micro -element in an undeflected state but at 
the same time permitting said movable micro- element (10) to 
tilt around said tilting or torsional eixis. 

13. The movable micro -element (10) according to any one of 
5 claim 1-9, wherein said movable micro -element (10) is 

supported along onH of ius mid sections by a pair oC flexure 
hinges (70) capable of restoring said movable micro-element 
(10) to a relaxed state but at the same time permitting said 
moveable micro- element (10) to make an orthogonal movement 
IC with respect to said surface (20) comprising said at least 

one electrode. 

14. The movable micro- element (10) according to any one of 
claim 1-9, wherein said movable micro-element (10) is 
supported along two mid sections by two pairs of flexure 

15 hinges (70) capable of restoring said movable micro-element 

(10) to a relaxed state but at the same time permirting said 
movable micro-element (10) to ma)ce an orthogonal movement 
with respect to said surface (20) comprising said at least 
one electrode. 

20 15. The movable micro-element (10) according to any one of 
claim 13 or 14, wherein said flexure hinges (70) are 
attached to the comers of a polygon- shaped movable micro- 
element (10) . 

16. The movable micro-element according to any one of claim 
25 13 or 14, wherein said flexure hinges (70)' are attached to 

the sides of a polygon-shaped movable micro-element (10) . 

17. The movable micro-element (10) according to any one of 
. claim 10-16, wherein at least one of said flexure hinges 

(70) and/or at least one of said torsional axis is meeuider 
30 shaped. 

18. The movable micro-element (10) according to any one of 
claim 1-17, wherein said surface (30) further comprising a 
counter electrode (30] laterally spaced apart from said 
address electrode (40) where said address electrode (40) and 
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said councer electrode (3 0] are capable to electroscatically 
attract said mi cro> element (10) . 

19. The movable micro- element (10) according to claim 18, 
wherein said predetermined pulsed signal la capable to clear 

5 out a potential difference between said address electrode* 

(40) and said counter electrode (10) and thereby restoring 
said movable micro-element (10) to said non addressed state. 

20. The movable micro- element (10) according to claim 18, 
wherein said predetermined pulsed signal is cBj>able to clear 

10 out a potential difference between said address electrode 

(40) and said counter electrode (30) and thereby restoring 
said movable element (10) to an electrostatically 
unattracted state. 

21. The movable micro-element (10) according to claim 19-20, 
15 wherein' said predetermined pulsed signal is electromagnetic 

radiation directed onto said movable element (10). 

22. The movable micro-element (10) according to claim 19-20, 
wherein said predetermined pulsed signal is an electric 
signal capable of discharging a capacitor connected to said 

20 address electrode (40) and loaded with said firBt potential. 

23. The movable micro-element (10) according to claim 1 or 
19, wherein said predetermined pulsed signal is synchronized 
with said time period At+Af so that the time Af is 
essentially equal to the pulse length of said predetermined 

25 pulsed signal. 

24. A spatial light modulator having a plurality of 
reflecting elements. characteriKsd la that said reflecting 
elements are movable micro*elements (10) according to any 
one of claims 1-23. 

3G 25. The spatial light modulator according to claim 24, 

wherein said reflecting elements are set to a potential via 
a comnon element pin. 
26. the spatial light modulator according to claim 23 or 24, 
wherein said counter electrodes (30) are set to a potential 

35 via a common counter pin. 
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27. The EpaLial light modulator according to claim 23-26; 

wherein all reflecting elements are in an addree&ed state 

Cor essencially the same period of time. 
26. An apparatus for. patterning a workpiece <60} arranged at 
5 an image plane and sensitive to electromagnetic radiation, 

comprising: 

• a source (11) emitting electromagnetic radiation 
directed onto an object plane, 
' - a computer controlled reticle <30) comprising a 

10 • plurality of reflecting elements, adapted to receive 

said electromagnetic radiation at said object plane 
and to relay said electromagnetic radiation toward 
said work piece (60) arranged at said image pl«me. 
where said con^ter controlled reticle (30) comprising 

15 a plurality o£ reflecting elements characterized la 

chat said reflecting elements are movable micro- 
elements according to any one of claims 1-23. 

29. A method of reducing an in^rinting effect of a movable 
20 micro-element arranged spaced apart from a surface, where 

said surface comprises at least one electrode, coinpriBing 
the actions of: .. 

- setting said movable micro-element to a second 
potential defining a non addressed state, 

25 - addressing an address electrode to a first potential, 

where said address electrode is arranged on said 
surface and capable to electrostatically attract said 
movable micro-element. 

- switching said movable micro-element from said second 
30 potential to a third potential, defining an addressed 

state, at a time ^t before a predetermined pulsed 
signal is emitted. 

- keeping' said movable micro-element 'in said addressed 
state for a time period At-^-At' . 
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30. The method according to claim 29. further comprising the 
action of : 

- switching said micro- element £rom said third potential back 
b to said second potential thereby returning to said non- 

addreaaed state. . 

31. The method according to claim 29. further conpritcing the 
action of : 

- switching said movable micro-element into an 

10 electrostatically unattracted state after being in said 
addressed state. 

32. The method according to claim 31, further comprising the 
action of: 

- clearing out a potential difference between said address 
IS electrode and said movable micromirror by means of said 

predetermined pulsed signal and thereby restoring said movable 
element to said electrostatically unattracted state. 

33. The method according to claim 29-32, wherein said 
predetermined pulsed signal is an electromagnetic radiation 

20 signal directed onto said movable micro-element. 

34. The method according to claim 29-32, whexein said 
predetermined pulsed signal is an electric signal capable to 
initiate a discharging of a capacitor connected to eaid 
address electrode and loaded with said first potential. 

25 35. The method according to any one of claim 29-34, wherein 
said time period At+At'is shorter than 10ms. 

36. The method according to any one of claim 29-34, wherein 
eaid time period At+Afis shorter than lOjis. 

37. The method according to any one of claim 29-36, wherein a 
30 value of said second potential is esaentiolly equal to half 

a maximum potential addressed to said address electrode 
defining an undeflected state at both the maximum and a 
minimum potential addressed to said address electrode and 
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Baid Lhird potential is esaentially equal to said minimum 
potential addressed to said address electrode. 

38. Tbe method according to any one of claim 29-37, further 
coinprising the action of: 

5 - suj^orting said movable micro-element along a mid section by 
a pair of torsion hinges defining a torsional axis. 

39. The method according to any one of claim 29-37, further 
coisgprising the action of; 

- suxiporting said movable micro-elemenc along its mid section 
10 by a pair of pivot element defining a tilting axis and where 

said restoring element is at least one flexure hinge capable of 
reacorihg said movable micro-element in an undeflected state 
but at the same time permitting said movable micro-element to 
tilt around said tilting axis. 
15 40. The method according to any one of claim 38-39, further 
conprising the action of: 

- restoring said movable micro-element with at least one 
flexure hinge. 

41. The method according to any one of claim 29-37, further 
20 conqprising the action of: 

- supporting said movable micro-element along one of its 
mid sections by a pair of flexure hinges which are 
capable oC resLorlnt.i said movable micro-element to a 
relaxed state but at the same time permitting said 

25 movable micro-element to make an orthogonal movement 

.with- respect to said surface cornpr icing said at least 
one electrode. 

42*. The method according to any one of claim 29-37, further 
conprising the action of: 

30 - supporting said movable micro-elemmt along two nid sections 
by a pair of flexure hinges capable of restoring said movable 
micro-element to a relaxed state but at the same time 
permitting said movable micro-element to make an orthogonal 
movement with respect to said surface comprising said at least 

35 one electrode. 
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43. The method according to any one of claim 41-42, wherein 
said flexure hinges are attached to the comers o£ a 
polygon . 

44. The method according to any one of claim 41-42, wherein 
5 said flexure hinges are attached to the sides of a polygon. 

45. The method according to any one of claim 38-44,. wherein 
at least one of said flexure hinges and/or at least one of 
said torsional axis is meander ' shaped . 

46. The method according to any one of claim 29-45. where 
10 said movable ;micro-element is a movable micro>element 

according to any one of claim 1-23. 

47. The method according to any one of claim 29-46 further 
con^rising the action of: 

• synchronizing said predetermined pulsed signal with 
15 ' said time period At-fAt' so that the time At' is 

essentially equal to the pulse length of said 
predetermined signal. 

48. VhB method according to claim 29, further conprising the 
action of: 

20 - neutralizing cumulated imprinting effects while 

prohibiting said pulsed signal to reach said movable 
micro elements. 

49. The method according to claim 4B, wherein said 
neutralizing action is performed by deflecting individual 

25 movable micro element in a reverse direction compared to the 

way they are deflected during intended operation. 

50. The method according to claim 49, wherein individual 
movable, micro elements are deflected in a first direction a 
given time and a given degree of deflection depending on the 

30 cumulated time and degree of deflection in a second 

deflection direction. 

51. The method according to claim 48. wherein said 
neutralizing of said cumulated iinprinting effects are 
performed between different strips building up a complete 

35 pattern on a workpiece. 
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52. The method according to claim 48, wherein Raid 
neutralizing of said cumulated imprincing effects is 
performed after at least one movable micro element has been 
deflected a predetermined cumulated time period. 
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[ W ^ « 1 0 ] 

m>!^mi~9(D\.-^-rtit^<DW!m-r^^am^ ci o) v sb-ox . mm^n-^ ^ o ( 
1 0) ^(Dfpm^^icm-DT. t^tim'L^^mis.^ ^ - n <D^ 0 > (eo) tcto 
T3t^$nTv>sBjfi!i^-r^ofg^ (1 0) o 
1 1 ] 

1 0) {±, ^ (D^m^^icii^ ^ r . mmm'L^^mi&r ^-ncDmwi^^ (6 5) tcjc^r 
stif^ns timmm^^it. i^«[ni«g|{c*5v>TijieRrf!)v-i'^Dis^ (lo) ^mus? 

■r?)Ct^rF^-r^ct*<Bjfig^'>^<ttio(Daftt:/->- (70) T'fei.oi»v-r^ 

(10)0 

im^m I 2 ] 

-r^p«^^«»?-t+si;i:fe(c. untmmic. mB'^m-r ^ ^ tim^ (1 o) a^wib 

tDaftt>i>*^wrsRi«jT-i'i'p^^ (1 0) o 
[ » ^ 31 1 3 ] 

»5R*l~9«t/^-mA^cDoI»]V'<^P^^ (1 0) T'^oT, ml t^^ W3 ^ O m ^ ( 

1 0) (i. ^-tTD^ffflaiS^© 1 o{c»o T. BulBBIK) v-< ^ D (1 0) *3lfeiSt^Sg'\« 

!lf^-li:?>i:i:t,tc, cn^lBJ^tc. tulBRr » v i-^p^^ (l 0) A^MIB'>*<ttlo 
cD«11;&W-r^HulBas (2 0) {cJ^LTS[t^IJ)-ri.c:i:;&82F^-r^c^*'«pIft6^-^i^ 
©SfttVi^ (7 0) {Cj:oT5£if$tlTl/^^Bli!)^-Y^P^^ (1 0) o 

im^m 1 4 ] 

W5it:«i~9coi^-rnA^©5jij)T-ri'P^^ (i o) t$.ot. Buianjstjx'-i'^p*^ ( 
1 0) t±, ^(Dtfragpta-cD-otcaoT. syiBBjuj-r-r^p^^ (1 0) ^mm^micm 

^fE-^^tti>ic. cntisi^tc. ffJIBBjKv-f^/pfi^ (1 0) *^ MtB'>^<i;ti 

o(Dfl:ii%wr^MiBaK (2 0) icn LT mm^mr ^ c t ^m^-r ^ c tti^^m^j:- 

J^cDSffit>i>' (7 0) tcjcoTSSi^^nTi/^SBlKjvi'^p^^ (1 0) o 

[ W * 3S 1 5 ] 

iijf^3«i 3x«i 4ou^-rn*^©Rri!iv-r'ij7p^^ ci o) T$)oT. fi}iBaftt;>'i^ ( 

7 0) ti, ^^Jgl^cDRlWlV-i'i^P^^ (1 0) ©ftgP(C5lOf>tttP>nTV^SnIi!jv-i'^ 

P ( 1 0 ) o 

C IB « 1 6 ] 

tB««i sxfil 4<ov^-rn*^cowr»v-i'd'P^? ci o) -pfe^r, «i}S8iB®ftii>">* 
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is^jsi o~i 6©v>-rnA^<opiKT-i'^7p^^ (1 0) TfeoT, tij8asfit>'>" (7 
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Ctf 5fJ3S 1 8 ] 
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§|BiffiT'a6«pji)!iV'r^pm^(io)o 
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IS*3ll BcORfBjx'f'i'P^^ (1 0) T'feoT. HiJIEm^/Wl/7.«^ti. mjlB7KU7. 
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s HuIBRlKlv-ri^Plg? (1 0) ^B!}IB^f7'KUX4^<?|'\«!lS^-y:SRl«)V^i^p|g^ ( 
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[S] If > ^ L T 1 o CD « iu ic sg ^ ^ n i> ^ ra 7^ ^ H g§ o 
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# -r, 5 73 ?s o 
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&.m^ ^ V T L . cmc^o. tum'sjm^ ^ om"?-^ tfiBmn$}Fm ?\vzmic mm ^ ^ 
X g ^ s ^ -r ^ 73 iS o 

[ W ^ « 3 3 ] 

^^fcifi]ttp.n§«flBi)Rl«fffi^T'fe573ri. 

[ W « JS 3 4 ] 

» * JS 2 9 ~ 3 2 O -rn *^ <D 73 ft o T , mi 12 m ^ --Wl/ X ft ^ (± . BU le 7 K U X « <s 
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5®^^^raA t + A t • mmr \^ uT^-^mizmmtE ti?>y3mo 

[ if * « 3 7 ] 

ii5R:^2 9~3 6coi.^-rn*^co73i4T-feor, iui2m2«fi<Dfiiti, mtiT h' u y^mmic 
T K u X mm icni^TT ]^ ^y:^•i^n^m±miSL(D^^^^zmn^f^icmL < . mmtn 3 nam 

l»*3S29~37(0V-rn*^O73}iT-S-DT. SfCiXTOXS: 

t(iiSRiD!iT>r ^ D iR^ Sr. ^(Dtfragp^tcjtio T, J8: nwi * fiJc -r S - *f O ^ t) t i^" 
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C M * « 3 9 ] 

it*^2 9 — 3 7<OV-'-rn*-'<D75'ffiT'feoT. MtcJUTOXS : 

1" 73 o 

[ W * JS 4 0 ] 

IS*Jl3 8~3 9<DV^-rn/b^O;^?ST'*^T. Mtc, lUT<DXm 

'>^< fcfe 1 ooaftt>i^tcj;oT«aiBni»-7-ri7a^?^^mjs^-&sxa'&'^#-r5 

[ tt « 4 1 ] 

iS*3S2 9~3 7<0t,^-rn*^O73}*T**-3T, M(C, WTOXg: 

tute^WjV'f^a^^^S:. ^OtfHSP^Olotcfp^oT. ijIB^Slv-i'^n^^^&^fi^^^; 
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[ W 5ft « 4 2 ] • 

> >^ * o T 3t it 5 1 e * s ^ -r s :^ }* a . 

[ W * « 4 3 ] 

It e. n T 5 7? Si o 

CW*« 4 4] 

W*314 1 ~4 2<Di/^ -rn *^ <D 73 ffi T £ o T , flS 12 S ft t: > ti , ^ ^ }^ CO ® g|5 {C ffil t) {>t 

[W^35 4 5] 

8~4 40t^-rn;b^cD75-?ST-$.oT, |ijl2eftt:>'i^<D'>*< 1 Ot3j;t>*/ 

[ » # 4 6 ] 

2 9 ~ 4 5 Ol,^-rn*><D73 ST'fe o BU E pT H!) ^ a ^ ^ {± , »^JSi~2 3 

<ov^-rn*^cDoj»v-i'i'n^^T'$)573}io 

[ W « 3S 4 7 ] . 

W5t<3» 3 5 X« 3 6 COV-rn^^cOT^ fS.T^ o T> M tC , IX "F © x'^ : 

^cfe^^C. HiJIB^HA t+A t' V 5 77 a » 

[WsltJS 4 8 ] ' . • 

^^«2 907?r4TfeoTs Sfc, iXT<!D±ie : 

[ M « 4 9 ] ■ 

w*3«4 8<D7?}S-pfeoT.s(iiBtt"fp{txM«, wiB » T ^ ^7 D ^.^ ji 0 ? n fc » 
4'ic{iia]?ni>4^^{c*fbTc:*a?)fii>«? com W}-^ ^ tj m^^my;\^icm[^-iE c tic 

fS*«4 9£073}ST'SoT, (OSiWi-^ ^. ^ a m=f- ti , h/i IB lg SI ^ R t>''m 2 M (S] 7? Ifi] 

tc]5$.tt5<iiPiojg^v>{cf£; CT. m#©^^s:t;m^o^MJi[, ^i73iR]fciiiS]^n57^ 

}S o 

[gf 5|t« 5 1] 

> % « fiSc -r ^ S ^ 5 ;^ h U >y K tc t5 1/^ T t3 n i. 77 jS o 
[ f S ^ « 5 2 ] 

li*]Si4 8©7??iT'S-3T, i(ilB^a«MftffloiKflB4'fp<k«s ::j;';5:<i:tlO©pIW|V 
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